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New York, January 24th, 1900. 

The 139th meeting of the Institute was held this date at 
12 West 31st Street, and was called to order bj’ President 
Kennelly at 8.25 p. m. 

The Secretary:— At the meeting of the Council this after¬ 
noon, the following associate members were elected: 


Name. Address. 

Behrend, Bernhard A., Erie, Pa. 


Beveridge, Edmund Walter, Assistant Engineer, The 
0. I. P. Railway Co., India, 
Sirud Khandish District, Bom¬ 
bay, India. 

Denham, John Electrician, Cape Government, 

Cape Town, South Africa. 


Evans, Paul H. 
Greenwood, George, 

Holmes, Gwyllym R. 
Hyde, J. E. Hindon, 
Magnus, Benjamin 

Niles, Harry B. 


Chief Engineer, Mexican Gene¬ 
ral Electric Co., Apartado 403 
Mexico City. 

Electrical Engineer and Super¬ 
intendent, Jalapa Railway and 
Power Co., Jalapa, Y. 0. 
Mexico. 

Holmes-Rose Electric Co., 
2842 Parkwood Ave., Balti¬ 
more, Md. 

120 Broadway; residence, 48 
West 11th St., New York 
City. 

Electrical Engineering Stu¬ 
dent, Columbia University; 
residence, 22 K. 111th Street, 
New York City. 

Electrical Engineer, Perro- 
carrillos del Distrito, American 
Club, Mexico City. 


Endorsed by 

O. P. Steinmetz. 

T. C. Martin. 

W. D. Weaver. 
Ralph W. Pope. 

N. S. Keith. 

P. E. Kinsman. 

W. M. Mordey. 

J. E. Lloyd. 

A. E. Worswick. 

C. P. Beames. 

A. E Worswick. 

J ohnW.Thompson 
JohnW. Thompson 
C. P. Beames. 

A. E. Worswick. 

H. K. McCay. 
Gano S. Dunn. 

M. 0. Schwab. 

C. P. Chandler. 

O. A. Doremus- 
Henry Morton, 

Geo P. Sever. 
Pitzh. Townsend. 

P. B, Crocker. 

JohnW. Thompson 
C. P. Beames. 

A. E. Worswick. 
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ASSOC, MEMBERS ELECTED AND TRANSFERRED, [Jan. 24, 


Pfeiffer, Alois J. J. Engineer, Thomson - Houston H. A. Foster. 

Co., 5 Piazza Gastello Milano, W. J. Davis, Jr. 

A. H. Armstrong. 

Poole, Charles Oscar Greneral Superintendent Elec- J. A. Lighthipe. 

trieal Dept San Francisco Oeo. P. Low. 

Cas and Electric Co,, 229 F. A. C. Perrine. 
Stevenson St.; residence, 452 
Bryant St., San Francisco,Cal. 

Powelson, Wilfred Van Nest, Government Inspector, Eskil Berg. 

Electrical^ Appliances. Gene- Ernst Berg, 
ral Electric Co., Schenectady, Chas. P. Steinmetz 
N.Y.; Lieutenant U. S. Navy. 

Saylor, Frederick Alexander. Chief Electrician, U. S. W. E. Chappell. 

S. Chicago ; residence, Head- Arthur L. Bice, 
ing, Pa. T. P. Thompson. 

Selden, R. L. Jr., Deep River, Conn, F. G. Strong. 

R. W. Pope 
T. C. Martin. 

Shearer, J. Harry Electrical Engineer, National John W. Thompson 

Electric Light Co.. Apartado, C. F. Beames. 

639 Mexico City, Mexico. A. E. Worswick. 
Shephard, Robert R. Erecting Engineer, Mexican C. F. Beames. 

General Electric Co., Apartado A. E. Worswick. 
403, Mexico City, Mexico. JohnW.Thompson 
Thompson, Milton T. Constructing Engineer, Mexi- C. F. Beames. 

can General Electric Co., A par- A. E. Worswick. 
tado 403, Mexico City, Mexico. John W.Thompson 
Zabel, Max W. Draughtsman and Student of D. C. Jackson 

Patent Law with John A. C. F. Burgess 
Brown & Gragg, 1450 Manad- M. C. Beebe, 
nock Bg.; residence, 454 North 
Ave., Chicago, Ill. 

Total 18. 


The following associate members were transferred to mem¬ 
bership: 

Approved by Board of Examiners. September 7th, 1899. 

Walter Douglas Young. Electrical Engineer, B. & 0. R. R., Baltimore, Md. 

Approved by Board of Examiners, October 20th, 1899. 

Lozier, Robert T. E. Electrical Engineer, Member of Firm of Bullock 
Electric Co., St. Paul Bldg., New York City. 

Approved by Board of Examiners, Dec. 8th, 1899. 

H. A. Storrs, Assistant Engineer, IT. S. Engineer’s office, New 

‘ London, Conn. 

The Peesident: —Since onr last meeting the Institute has 
suffered by the death of two of our well-known members, 
Mr. James Uamblet has served the Institute for some years, 
both as vice-president and manager. His contribution to the 
electrical interests, work and fraternity extend over half a cen¬ 
tury. 
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Mr. Dana Greene had rendered valuable and active service 
to the Institute, not only as Manager on the Council, but also 
in contributing papers. By his extensive general knowledge 
and genial influence he greatly promoted electrical engineering 
progress in those branches wliich he made peculiarly his own. 
His untimely death will be greatly deplored not only by all 
our members who knew of his work, but by the favored few 
who w’'ere ac<]uainted with his charming personality. The Coun¬ 
cil has at its meeting to-day passed resolutions to be communi¬ 
cated to the families of these gentlemen, and has ordered 
suitable obituary notices to be printed in the Tbansactions. 


The following paper was then read by Mr. Fitzhugh Townsend 
on “A New Method of Tracing Alternating Curves.” 



A j^a^er presented at the 139th Meeting of 
the American Institute of Electrical En^ 
gineers^ New York., January 24tk^ IQOO., 
President Kennelly in. the Chair. 


A NEW METHOD OF TRAOHsTG ALTEENATING 
CUEEENT CUEYES. 


BY FITZHBGH TOWNSEND. 

The following method of determining the instantaneons values 
of alternating current waves recommends itself by its simplicity, 
accuracy, and rapidity. In addition to this, the method is 
capable of determining directly a curve of induction. 

Fig. 1 shows the connections for taking the curves of electro¬ 
motive force and magnetic induction simultaneously. E is ,the 
E. M. E., the curve of which is to be determined, J?], Aj and 
A 3 are ohmic resistances, <3 is a small transformer with open mag¬ 
netic circuit, and<7 is the contact maker. This consists of a 
disk, the perimeter of which, in a bipolar alternator, is divided 
into two sections. One section only is conducting, and since 
the disk is mounted on the shaft of the machine, or on that of a 
synchronous motor, the current can flow in the circuit of the 
■contact maker only during one-half of a period. is a Weston 
portable voltmeter, connections being made directly to the mov¬ 
able coil. 

Determination oe a Curve of Induction. 

The double throw switch h shown in Fig. 1 should be closed 
so as to connect points 3 and ■4 to 5 and 6 , switch a being open. 
The required curve can then be obtained by noting the deflections 
of the instrument, d, corresponding to successive angular posi¬ 
tions of the contact brush/. The theory on which this is based is 
as follows: Owing to the construction of the contact maker, the 
current i, which passes through the instrument d, flows during 
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one-half of a period only. During the active half period, how¬ 
ever, i is proportional to the electromotive force : i will 
therefore be an interrupted current having the form of the 
electromotive force as shown in Fig. 2. The position of the 



Fig. 1. 


time interval 4 — 4 will depend on the angular position of the 
contact brush/I 

The deflection of the voltmeter will be proportional to the 
number of impulses per second. Each impulse being propor¬ 
tional to the time integral of the current during the interval 
4 — 4 * 
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Therefore, 




±ldt = Ki{B) = K,B 
d t 


If the brash/, and consequently the interral 4 — 4, are moved 
through a period, and the values of d at different points note , 
the curve of the induction B will be obtained. 

Determination of a Curve of Electromotive Force. 

The switch J should now be closed so as to connect points^ 3 
and 4 to 1 and 2. The contact maker and the voltmeter will 



then be in the secondary circuit of the small transformer e. 
Close switch a. The curve of the electromotive force may then 
be obtained, as in the case of the curve of induction, by noting 
the dedections of the voltmeter for different angular positions 
of the brush/. It can he shown readily that this is the case. 
If the constants of the transformer e are suitably related to each 
other, the primary current will be the same in form as the 
electromotive force E, and practically independent of the value 
of the secondary current i. This will be brought about when 
the electromotive force of mutual induction in the primary, due 
to the secondary current is only a small percentage of the 
E. M. F., E. We will then have 
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h 

d t = K, {E) = E, E 

h 


Fig. 3 shows eurres of B and E in a transformer obtained as 
described above. The form of these curves requires a few words 
of comment. 

Any complex harmonic electromotive force generated by a 
properly designed alternator, may be represented by the equa¬ 
tion E = siny> t s,m Zp t sin 5y> i( -j- etc. + B^ 
cos p t -j- B-^ cos Z p t B^ cos 5 p t -j- etc. Q'herefore, 

B=^Edt = — (^:^GOspt-\-^ eos3yi#+^cos 5pt-{-ete.'j 

+ J siuy?z; + ^ sin 3y) z; + ^ sin 6 yj t -f etc. 

It appears from this that the curve of induction should differ less 
from the sinusoidal form than the curve of electromotive force 
since the relative amplitudes of the upper harmonics are made 
less by the process of integration in proportion as their fre¬ 
quency exceeds that of the fundamental. Thus the third har¬ 
monic in the curve of induction has one-third the relative ampli¬ 
tude which it has in the curve of e. m. f. Similarly, the fifth 
harmonic has its relative amplitude divided by five, and so on. 

Also the complexities in the induction should be the reverse 
of those in the electromotive force. In other words, a peak in 
curve B should correspond to a depression in curve E. 

In order to prove the accuracy of the method, and to show 
that the curve B in Fig.. 3 is correct, the true curve of induction 
was constructed from the electromotive force curve by a process 
of integration. The constructed curve was found to coincide 
with the experimental curve as shown. 

The method of obtaining the curve of induction from the 
curve of e. m. f. by integration, is extremely laborious. The 
method described in this paper is the only one to-day which is 
capable of determining the curve of induction directly, thereby 
saving much time and trouble. 

In determining the curve of induction, the-phase depends on 
he relative values of the resistance and inductance of the cir¬ 
cuit through the interrupter. A variation of the amplitude of 
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jE'will not change the phase of the curve to a perceptible 
extent. 

In the case of the determination of the phase depends on 
the values of resistance and inductance in both the primary and 
secondary circuits of the transformers. As in the case of the 
B curve, varying E with the same resistance and inductance 
in both primary and secondary circuits, will not change the 
pliase appreciably. 

The shape of the wave E will remain unchanged, so long as 
three conditions which are essential to the accuracy of the 
method are maintained. 

The first of these is that the electromotive force of mutual 
induction in the primary circuit due to the secondary current 
shall be small compared with the total e. m. f. impressed on the 
primary circuit. 

If this were not the case, the secondary e. m. f., and therefore 
the secondary current would not be proportional to the rate of 
change of the primary current. 

In the transformer used in taking the curves shown, the co¬ 
efficient of mutual induction M. was found to be .00076. The 
secondary current never could be more than 0.03 amperes with¬ 
out producing too large a deflection of the voltmeter needle, 
therefore the electromotive force of mutual induction due to 
the secondary current could not be more than 

E^ UC no Y. .00076 X 0.03 = .017, 

which shows that the first condition of accuracy mentioned 
above would be fulfilled to within \% for an impressed electro¬ 
motive force as low as 1.7 volts. 

The second condition is that the resistance .R^ and Fig. 

1 shall be great compared with the inductances of the primary 
and secondary circuits of the transformer e. 

In the case of the curve shown in Fig. 4, the values of and 
were 30 and 50 ohms respectively. If A’ is a complex har¬ 
monic, ^2 must be greater than 

Since 



the upper harmonics in the secondary current i will be 
much more pronounced than they are in the curve E, 
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If were not large compared witli the secondary inductance, 
the form of the current i might be quite different from that 
which it should have in order to give accurate results. 

The third condition which must be fulfilled in order that the 
curve obtained may be correct in shape, is that the time con¬ 
stant of the secondary circuit shall not exceed a certain value. 

When a circuit containing inductance is closed, the current 



Fig. 4. Points Obtained by Zero Method, G. Points Obtained by Present 

Method, X. 


does not reach its value E/R until a certain time has elapsed, 
and during this interval the current is 



Evidently if the time constant is too large, or if R/L is 
too small, the integral of the secondary current will not be the 
entire shaded area of Fig. 2, but will be bounded at the make 
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by some curved line instead of a perpendicular, as shown by the 
dotted line in the figure. This would be a source of error, 
which would come in more and more as the secondary current 
integral drew near to its zero value. When this integral is a 
maximum, the make takes place at ^ = 0, hence at this point 
of the curve the ejffect would not occur. The result of the 
time constant of the circuit would therefore be a decrease in the 
relative size of the ordinates near the zero points,and also a slight 
shifting of the zero points with respect to the maximum, the 
maximum ordinate remaining unchanged both in intensity and 
phase. It is probable, then, that the effect of too great a time 
eonstant in the secondary circuit would result in making the 
eurve come out more pointed than it really is, and slightly bent 
over sideways. 

The curve of a complex harmonic electromotive force shown 
in Tig. 4 was determined as a test of accuracy: It furnishes a 
comparison between the method described here, and the well- 
known zero method in which a telephone receiver is used as the in¬ 
dicating instrument. As may be seen, there is a satisfactory 
agreement in the readings obtained by the two methods. 

The curve of Fig. 4 was determined at a frequency of 120 
periods per second. By increasing and it would evi¬ 
dently be possible to obtain curves at much higher frequencies. 
Mechanically, the method lends itself readily to this, inasmuch 
as the action does not depend on an instantaneous contact. 
This is a very advantageous feature, especially at high fre¬ 
quencies. 

The transformer e used in these experiments was wound on a 
wire core 1^" in diameter. Tliere were 100 turns both in 
the primary and secondary windings. 

The following are the principal constants of this transformer : 


Li (on open secondary).00207 henrys. 

Ri “ “ “ .179 ohms. 

Xa “ primary .00152 henrys. 

R% “ “ “ .096 ohms. 

M. .00076 henrys. 

Resistance of voltmeter.87 ohms. 

Inductance “ “ .00034 henrys. 


Of course, only relative values are given by the readings of 
the voltmeter. In order to obtain absolute values, some means 
of calibration must be adopted. The easiest way to accomplish 
this is to switch the apparatus in series with some electromotive 
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force, either direct or alternating, the maximum value of which 
is known. The deflection obtained divided by the true value of 
the electromotive force it represents will be the constant of the 
instrument for the particular amounts of resistance and self-in¬ 
duction which may be connected in the primary and secondary 
circuits of the transformer e. 

The fact that the brushy* makes contact for a half period 
and not for a very small fraction of a period, is a great advan¬ 
tage, inasmuch as the difiiculties of a method of instantaneous 
contact are usually due to the short time of contact, making it 
hard to keep the apparatus in good working order. With the 
interrupter described here, however, there is no more difficulty 
than with an ordinary direct current commutator, and in fact 
rather less, as sparking, which is always the main evil of the 
commutator is practically absent in the interrupter. 

In addition to the above, the present method seems to be the 
only one by which the curves of magnetic induction or quantity 
of electricity can be determined simultaneously with those of 
electromotive force and current. 

Alternating Current Laboratory, 

Electrical Engineering Dept., 

Columbia University, 

New York City, January, 1900. 
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Discussion. 

Dr. Samuel Sheldon: —I have been very much interested in 
reading this paper and hearing the description of this ingenious 
piece of apparatus. But it seems to me that in order that the 
instrument may give directly the curve of induction, that the two 
halves of the cycle of alternation must be perfectly symmetrical; 
that is, trie positive flux of current must have the same time relation 
that the negative flux has. I cannot see from an examination of 
the mathematical equation that there is any difficulty with the 
equation. But a general equation should, if correct, be appli¬ 
cable to e\'ery case. It does not seem to apply to the case of the 
exaggerated curve showm in Fig 5, or at least, the contact-maker 
would not yield the correct curve of induction. Let the rect¬ 
angular curve represent the time relation of the e. m. f. With 
proper arrangement of apparatus this will also be the curve of 



current. The relation which must exist between the induction 
and the time, in order to produce the curve of e.m.f., is represented 
by the dotted curve. The dotted curve is the integral curve of 
the E. M. F. curve. Now the curve which would be yielded by 
the contact-maker as described in the paper, the contact being 
maintained for half a cycle, would not coincide with this dotted 
curve of induction. The voltmeter readings will be proportional 
to the algebraic sum of the areas lying between the e. m. f. 
curve, the time axis, and the time intercepts of making and break¬ 
ing contacts. A slight inspection will show that the curve pass¬ 
ing through the points enclosed in circles would be the one 
wiiich would be yielded by the contact-maker. 

The difficulty in using a telephone and contact-maker with, 
say, the Mershon method is tw^o-fold. In the first place the ordi¬ 
nary frequencies of alternating currents give a musical tone by 
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meaDS of the contact-maker, to which the ear is not particularly 
sensitive, and it is difficult to distinguish the intensity of a mini¬ 
mum, providing one cannot get absolute silence. In the second 
place, with a contact-maker Laving any breadth of contact at all, 
it is impossible to balance a variable e. m. f. against a^ constant 
E. M. F. Therefore, unless the contact’s breadth be iniinitesirhal 
silence cannot be obtained. If, however, one uses a contact of 
sufficient breadth to be sure that the contact is made with every 
revolution of the contact-maker (of breadth, not necessarily to 
half a cycle), and makes use of the voltmeter as described in the 
paper i, (?., really as a ballistic galvanometer, then one can get a 
curve such as is yielded by an ordinary contact-maker and a very 
satisfactory one, without the liability of the contacts getting out 
of order. 

In this use of the Weston voltmeter we have still another 
important adaptation of that valuable instrument. I have had 
occasion to use a Weston voltmeter for ballistic work, and it 
perhaps may be of interest to some who may not know it, that 
the Weston* voltmeter will give deflections or throws in response 
to instantaneous quantities of electricity passing through it which 
are direcjtly proportional to these quantities. Now a ballistic 
galvanometer has been defined by a good many different people 
as a galvanometer which has a needle which has a large moment 
of inertia and which has a long period of swing. 

De. Pijpm:—And small damping. 

De. Sheldon :—That is sometimes put in, yes. 

Dr. Pupin:— Always. 

Dr. Sheldon :—Well, all right. It does not make any differ¬ 
ence. It is not necessary that the ballistic galvanometer should 
have these qualities. If we calibrate a Weston voltmeter in a 
proper manner it can serve the purposes of a ballistic galvano¬ 
meter just as well as the old fashioned kind. Those who have 
ever had occasion to take hysteresis curves by the step-by-step 
method, using a galvanonieter which has a long swing of from 
12 to 16 seconds, with two or three minutes’ wait before the 
needle comes to rest after each swing, know what a tedious pro¬ 
cess it is to get a hysteresis curve. Yet the hysteresis curve can 
be taken with a Weston voltmeter of the ordinary round pattern 
switch-board style, having its series resistance removed, and it 
can be taken in less than two minutes, with a sufficient number 
of points to give accurate results, if the curve is properly inte¬ 
grated. 

Mr. Fitzhugu Townsend: —^With regard to that objection 
about determining the curve of induction, I have never attempted 
to determine the curve of induction from an unsy in metrical electro¬ 
motive force. In all practical machines, good machines, and 
almost all alternating current machines, the positive half of the 
wave is the same as the negative half of the wave, and in that case 
I think the method holds good. A slight modification of the me- 
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thod which I have not yet tried, which would involve the use of two 
brushes, would I think obtain a symmetrical curve of induction, 
but that is more or less a tour deforce. I have, therefore, only 
devoted my attention to the treatment of curves which were 
symmetrical with respect to the zero line. 

Mr. Charles P. Steiemetz:— During late yeai’S no end of 
different methods have been brought out to take instantaneous 
readings of electrical quantities, mostly differing from each other 
by a different kind of contact-maker or a different material used, 
or other such minor qualities, or an improved method of using it. 
Now the method brought before us to-day essentially differs from 
previous methods, as far as I know them, by, I believe very 
favorable features. In its general principle this method described 
here consists of the following: To get instantaneous readings of 
a quantity, we derive from this quantity another-quantity, which 
is a differential of the former, and take integral readings, that is 
average values of the latter quantity. We thereby get rid of 
most of the difficulties incident to instantaneous readings. We 
are independent of the width of the contact. We are indepen¬ 
dent of the impossibility of getting an absolute point-contact of 
no duration, and of the difficulties'dne to the arc following the 
contact-brush for some appreciable time. There are some limita¬ 
tions to this method, which after they are pointed out will pro¬ 
bably be overcome. The source of error shown in Fig. 2 as due 
to the current not assuming instantly the full value, I do not 
consider so essential, because there is another error compensating 
for it. In Fig 2, the current in the moment when the circuit is 
broken, does not instantly drop to zero, but gradually dies out 
by a small arc continuing to carry the current. This gradual 
dying-out of the current compensates for the error mentioned in 
the paper to a certain extent. If you think of it still more, the 
error introduced by the current not stopping instantly, depends on 
the voltage at which you operate, and gets larger with increase of 
voltage, while the error due to the current not instantly reaching 
full value gets less with increase of voltage, thus theoretically 
you can always find a voltage, where the errors just neutralize 
each other. Practically, therefore, the method should give very 
accurate results provided that the errors are small moug\i per se^ 
so as not to require perfect compensation. 

The principle of this method as brought out here, however, 
can be applied in many different ways. It is shown only for 
determining the induction curve of the machine. This I do not 
consider as so very important, because you can get this curve of 
induction, although a little more laboriously, from the electro¬ 
motive force curve ; but you can apply the same method wherever 
you want instantaneous values of a quantity, and are able to get 
differential values of this quantity. To illustrate, for instance, 
one of the problems of great importance at present is to deter¬ 
mine the variation of the rate of rotation of flywheels of slow- 
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Speed engines which are intended for nse with, synchronous appa¬ 
ratus as alternators, synchronous motors, etc. What you want 
to get there is the instantaneous displacement of the flywheel 
from the position it would have at uniform rate of rotation. 
Eovv the differential of this displacement is the velocity of the 
flywheel. Assume that on the shaft of the flywheel you have a 
small dynamo with constantly excited field, the field, for instancCy 
excited by a storage battery. Take average or integral values 
of the electromotive force given by this dynamo, then you see 
these integral values give you direct the position of the flywheel. 
You would in .such a case probably counterbalance the largest 
part of the electromotive force of the small dynamo by a storage 
battery with a constant electromotive force, to get a larger varia¬ 
tion relatively than the very small variation of speed, and you 
would have to develop this method like you would have to deve¬ 
lop any method. 

But 1 believe that integrating or averaging the differential 
values of the quantity of which you want instantaneous values 
can be applied to many cases, and in some cases which are pro¬ 
bably more important than the determination of instantaneous 
values of electromotive force, since there are no suitable methods 
in existence for such other cases. 

De. M. I. PupiNI do not think that Dr. Sheldon’s objection 
is a very serious one, for the reason that Mr. Townsend already 
pointed out. The method which Mr. Townsend describes is 
intended to analyze curves that are obtained in ordinary ma¬ 
chines, well designed, liot badly designed machines. If a machine 
is badly designed it is unworthy of investigation the less you 
fuss with it the better. But even with a badly designed machine 
such as that would be v^hich Dr. Sheldon presented on the 
blackboard, by a slight modifleation of the method as Mi\ Town¬ 
send has already indicated, using two brushes, the difficulty 
could be gotten* around. In all our commercial machines the 
electromotive forces and the currents are perfectly symmetrical 
on the two sides of the axis of the abscissae. In that case the 
method will work all right. Now so far as any errors are con¬ 
cerned, I think that Mn Townsend has rather enlarged them or 
made them appear more serious than they really are,—the source 
of error, namely the time constant. The time constant comes in 
the curve not rising instantaneously to its full value when you 
close the circuit and not falling off* to zero wffien you break the 
circuit. That does not amount to much, l)ecause for other 
reasons you have to make the resistance large in comparison to 
the inductance of the circuit. In that case of course you have the 
time constant, a very large quantity ; the current will in a very 
small fraction of the half period come to its full value. So that 
error really does not amount to anything appreciable. ^ It cer¬ 
tainly is very much smaller than other errors of observation that 
we meet with in investigations of this kind. The errors of 
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observation in investigations of this kind are nearlv one per cent 
It anj body does as well as that he is fortunate, and this error 
intioduced b^ having the time constant a little hit too small will 
1^1 ore than a very small fraction of one per cent. 

JVlr k.teiDmetz lias said that we do not care so veiw much for 
the curve of quantity. Well, I tliink we do. You see in our present 
measurements we l^ye three different kinds of instruments, funda- 
mentally different. We have the voltmeter and the ammeterand the 
bat istic galvanometer—not in the way that Dr. Sheldon defined 
It but m the way that it ought to be defined. The one measures 
the rate of variation of the quantity of electricity; that is the 
ammeter. The other measures in dynamo-electric machines 
me late ot variation of a magnetic quantity, this is the 

li ^ ballistic' galvanometer, 

measuies the quantity, mther the quantity of electriidty 
01 the quantity of magnetism. Now in this method that Mr 
Townsend brought before us to-night, we have another method 
which resembles the ballistic, to be sure, but still it is a 
different story froni the ballistic, altogether a different story 
—measuring quantities, measuring the quantitv of electricity 
and the quantity of magnetism directly, not in a i-oundabout way 
by integrating a curve. Whoever has made the calculations of 
integrating a periodic curve knows that there are a great many 
sources of error, very much greater sources of error than you 
meet with in experimental work of this kind.' Some of us might 
say ; wha,t is the use of measuring the quantity of magnetism or 
pe quantity of electricity? There are investigations and that 
too not only of purely scientific intei'est but also of very great 
commercial and engineering value in which we do care for 

elecitricit^ quantity of induction and quantity of 

T,/-purpose of bringing out something 
which Mr. Townsend has not brought out. This method wal 
evolved in our laboratory in connection with an investigation 
which should be mentioned here. He has worked now for over 
a year very faithfully over a difficult problem—the problem of 
determining what I choose to call, the dynamical hysteresis loop, 
it yon will allow ine, I will point out the importance of this 
determine an alternating electromotive force curve 
and the corresponding current curve by a sliding contact, or any 
other way, and from the secondary e. m. f. curve, determine the 
CTrve of induction in a transformer, and then yon plot a curve of 
big. 6 , taking from the abscissae the ampere turns in the primary 
tor the orffinates yon take the total induction B of the trans¬ 
former. _ 1 ou get the curve of Fig. b which I call rhe dynamical 
hysteresis loop. Its area represents the hysteresis and Foucault 
current loss per cycle. That is the total loss in the transformer 
provided, of course, the secondary is not closed. But if the 
secondary is closed, then that is the total work done in the trans- 
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former, taking in hysteresis, Foucault current primary P R and 
secondary load. 

Well, "you see, the determination of curve in Fig. 6 is a 
very important thing. It enlarges our idea of the hystere¬ 
sis loop. If yon have no secondary cuiTent then yon can study 
exactly what is going on in the iron while it is being magnetized 
and demagnetized. It you have a very high degree of lamina¬ 
tion there are no appreciable Foucault current losses at ordinary 
commercial frequencies and in accordance with investigations 
which have been done abroad (and we have done some work of 
this kind in Columbia University owing principally to the per- 
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severance and exertions of Mr. Townsend) then the hysteresis 
loop of Fig. 6 becomes more nearly like the statical hysteresis 
loop, determined with direct current and very slow cycles. If you 
magnetize the iron very slowly, the curve develops sharp (mrners 
as you all know. But you probably never get corners with alter¬ 
nating currents. Now, of course, if the impressed primary elec¬ 
tromotive force is a simple harmonic, the induction will be a simple 
harmonic, and we can derive the induction curve very easily 
from the curve of the secondary electromotive force. There is no 
difficulty at all in doing that.* But if the primary impressed 
electromotive force is a complex harmonic, the induction will be 
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a complex harmonic, and if you try to deduce the induction from 
the secondary electromotive force you have to go through a lot of 
most tedious calculations. Mr. Townsend's method avoids this 
completely. It saves, therefore, a tremendous amount of labor 
and liability of error. 

There is another thing that we have been trying to do for 
years and could not get it. How could this extended idea of the 
hysteresis loop be applied just as well to the losses in condensers? 
The reason that w^e get a hysteresis loop which is not an ellipse 
is I'ecause the permeability of the iron is a variable quantity. 
Now if you take a condenser you will find that the condenser 
capacity varies with the voltage just as the permeability vaides 
with the magneto-motive force applied to the transformer. The 
static permeability, that is tlie specific inductive capacity, varies 
with the applied electromotive force; and just as in tlie case of 
the ti-ansformer, you get a hysteresis loop, *so in the case of a 
condenser you also get a liysteresis loop. Now one way in 
which this variability or ])ermWbility manifests itself in the trans¬ 
former is this: If you have a simple harmonic electro¬ 
motive force the current is distorted; it has complex 
harmonics; now if you take a condenser, and impi’ess a 
simple harmonic eiectromoti\e foi'ce upon it the current 
will be complex harmonic. But rnind^ you, the difference of 
potential in the condenser will he a simple harmonic just the same 
as the secondary electromotive force in the transformer is asimjile 
harmonic of the impressed e. m. f. You can plot the curve of 
hysteresis and other losses, whatever they may be in exactly the 
same way as you do in the case of iron. ‘ You take, not the 
magnetomotive force but the electromotive force for abscissae 
(that is the difference of potential of condenser). For ordinates you 
plot, not the cjuantity of magnetic induction, but the quantity of 
electric induction Q, that is the quantity of electricity, and then 
you get the points of the hysteresis loop which looks" something 
like curve of Fig. 6. You get the hysteresis loop for condensers 
just the same as for iron and you can estimate your losses and study 
how the whole thing acts. Y^ou do not only get the losses hut 
you actually get the curve and see how^ those losses are bj*oiight 
about. ^ Now this is a very interesting thing from a purely 
scientific sLandpoint and very important from the engineering 
standpoint and ought to be studied*. Now in the ordinary sliding 
contact method of plotting curves we cannot determine the 
quantity of electricity directly; but if we use Mr. Townsend’s 
method we can get that just as accurately as we can determine 
the voltage by a voltmeter. That seems*to me to be a vei-y im¬ 
portant point. 

Mm Town SEIS'D With regard to the error of the time (di¬ 
stant, it depends, of course, on the ratio of self-induction and 
resistance in the circuit containing the contact-maker and the 
instrument. If the resistance is sufficiently high for the current' 
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to have the trae form of the rate of change of the E; m. f , it is 
found in practice that no error dne to the time constant of the cir¬ 
cuit can be detected. , 

In order to prove this, I determined a curve with no external 
resistance in the circuit. In other words, in Fig. 1 was made 
equal to zero, the instrument in series with the eontact-raalcer 
beino- connected directly across the secondary of the transtonner 

Under these circumkanees, at a frequency of 120, the error due 
to the time constant amounted to about two per cent. In tins case, 
however, the method was not correctly used. To couiply with 
the theory, /f-j must be sufSciently great to make the current 
throufh the instrument proportional to the time rate ot change 
of the^electromotive force to be measured. When tins condition 
is fulfilled, it wdll be found that the error due to the time con¬ 
stant cannot be detected. _ .t i ^ • 

Mk. Steinmetz :—This method of_ gettin^^ the dielectric 
hysteresis loop of the condenser was first applied, as tar as i 
remember, some years ago by Dr. Bedell at Corne 1 I^ivCTsity. 
Unfortunately Dr. Bedell has not been so successful as Dr. Bupm 
in ffettin^ a condenser with considerable internal losses but liacl 
condense\‘B of very high efficiency. The hysteresis loop he got 
was so extremely'flat and narrow as to be wnthm the errors ot 
observation, amounting to something less than throe or tour per 
cent, of the total volt-ampere capacity. But there are coiideiisers 
which have an excessive internal loss so as to show a large loop and 
make this phenomenon more iironounced. However, no change 
of capacity with the voltage was observed by Dr. Benell nor by 

irie in condensers. • t ^ 

I do not want to be misunderstood by; Dr. Pupin. i did not 
say that I do not care for the magnetic induction, but 1 did not 
consider it so very important to get a new method tor it, because 
it can be derived from the current and electromotive force by 
intejrration. As a rule, in the usual method of getting instanta¬ 
neous values of electromotive force you get them say from hve 
to five degrees apart, and then you merely add the total value ot 
180 degrees and from this value von always add one value at one 
side,—'say for 185°, 190°, etc., and subtract one value at the other 
side say 5°, 10° etc., and you have the curve of induction. _JNow, 
that caii de done for the’whole curve in a very few minutes. 
However, obviously it is an advantage to derive it direcily, onlj 
it is not so absolutky important. 

I fully realize the importance of getting the curve of magnetic 
induction, the more as for many years I have been satished that the 
general custom of claiming some great and unknown advantaps 
for a sine wave of electromotive force, is not warranted, but that 
in many cases the sine wave of electromotive force is about the 
worst vou can get. Certain forms of distorted waves give a con” 
siderably lower magnetic flux in alternators, translormeis and 
other apparatus, at the same induced e. m. f., and consequently a 
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higher efliciency. Now yon see that it is quite iiiterestii)g 
to get the easy way of illustrating why it is, that for instance with 
the distorted wave of the ironclad unitooih alternator at the same 
impressed b. m. f. and same frequency, the hysteresis loss in trans¬ 
formers is from eight to twelve per cent, lower than with the 
sine wave, while certain forms of distributed armature windings 
give hysteresis losses in excess to those given by a sine wave. 

Dr. P LIPIN:—I am aware, of course, of Dr. Bedell’s article, 
but at that time when the article was published we had already 
done our work at Columbia University on that very thing, so w’e 
still clahn the priority although we did not publish anything on 
the subject. * 

Another thing, Dr. Bedell’s curve of hysteresis was, as Mr. 
Steinmetz remarked, quite within the errors of observation, so we 
feel rather uncertain as to whether what he got was really a hysteresis 
curve or simply a record of his ei’rors. These errors can be obviated 
by employing very large condenser capacity. We have conden¬ 
sers at Columbia University which mount up to over 240 micro¬ 
farads, so that w^e can draw on that as much as we please, and in 
that way of course we can increase the hysteresis loop to any¬ 
thing we desire. Another point w^as touched by Mr. Steinmetz, 
namely, the disputed question whether a peaked electromotive 
force curve, since it produced a flat induction curve, is not pre¬ 
ferable in certain pses, can be decided by experiment in follow¬ 
ing the use of this contact-maker. It is a disputed question. 
Mr. Steinmetz maintains (and he does it of course partly for 
seltish reasons, because he must support his rule of hysteresis 
loss), that if a curve is a flat curve, although, of course, the area 
enclosed would be a larger one, the total loss would be smaller, 
because the loss depends only on the maximum of induction. 
Now, if that is really so it is a very interesting fact. I am in¬ 
clined to believe it to be so. But still w^e would like to have 
some direct experimental evidence, and if this new method of 
plotting the curves of induction directly can help us to that, whv 
that of itself is Mmrth all the labors that Mr. Townsend spent on 
the desiping and construction of this sliding contact. 

Me. Steinmetz I may say in this respect that not everything 
is published immediately after it is found out, but sometimes- 
very many years after, even more than seven years. The first 
proof that the distorted wave gave the lesser hysteresis in the 
transformer was found by the wattmeter about ten years ago, 
before the laws of hysteresis were discovered. At the time it was 
not understood. Afterwards I hunted up the old tests and found 
the first experiment regarding the effect of the wave distortion or 
rather the effect of different types of alternators made by watt¬ 
meter reading, dating back before the time of ray studies of the 
hysteresis law. 

De. Pupin . T es, but lain afraid if we go into this discussion 
there will not be any time left for this paper, because I do not 
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believe implicitly in the wattmeter readings. I would not accept 
them without an investigation as to the construction of the watt¬ 
meter and the w^ay that it was used; so that 1 would not pay 
much attention to that. We all know that wattmeter readings 
are not reliable when we have harmonics in the circuit; that 
special precautions must be taken to ensure the accuracy of the 
readings. Now whether in these ^vattmeter readings to which Mr. 
Steinrnetz referred, those precautions were taken or not I do not 
know. I do not think they were. 

Me-. Steinmetz i —I do not (]^iiite agree that wattmeter I’eaclings 
are not reliable. It is true that theoretical^ an error is intro¬ 
duced by the inductivity of the potential circuit, and in .scientihc 
investigations of extreme accuracy this error would undoubtedly 
be serious. In practice, however, where as a rule no attempt is 
made to get a higher accuracy than one-fourth per cent., this 
wattmeter eri*or is generally negligible. . _ ^ 4 ? i 

Sometime ago I made an investigation in this respect and tound 
that with certain commercial voltmeters the inductance error is 
still below one per cent, at 1500 cycles. The wattmeter error is 
of the same magnitude for non-inductive load, and increases with 
the increasing phase displacement of the main current, but becomes 
noticeable only at very low power factors, below 20%, ihe 
exciting current or open circuit current of a transformer, how¬ 
ever, has quite a high power factor, from 50 to 65^, and in this 
case the wattmeter error due to the fundamental wave, is still 
negligible, that due to the higher harmonic small, and since the 
poVer of the higher liannomcs is a small part of the total power, 
the maximum possible error due to the wattmeter is of far lower 
magnitude than the difference of hysteresis loss observed with 
different w^ave shapes. 


There being no further discussion, the following paper entitled 
Notes on Single-Phase Induction Motors and the Self-Starting 
Condensing Motor,” was read by Mr. Steinmetz. 



A paper presented at the ijgtk Meeting of the 
American Institute of Electrical Engineers^ 
New Vork^ January 24^ igoo. President 
ICennelly in the Chair, 


NOTES ON SINGLE-PHASE INDUCTION MOTOIIS, 

AND 

The Self-Staeting Oondensee Motoe. 

BY CHARLES PROTEtJS STEIHMETZ. 


I.— Q-eneral. 

1. In two previous papers, July, 1897, and February, 1898, of 
the Transactions, I have given the theory and calculation of the 
polyphase induction motor and the single-phase induction motor, 
and shown that at or near synchronism the magnetic field in either 
can be considered as consisting of two equal magnetic fluxes, 
superposed upon each other in quadrature in time and in space. 

In the polyphase motor both of these fluxes are proportional 
to the impressed e. m. f. less the impedance voltage of the 
primary current (the latter considered in its proper phase rela¬ 
tion) thus equal to each other at all speeds. In the single-phase 
motor only one of the magnetic fluxes, that in the line of magne¬ 
tization of the primary exciting coil, or the main magnetic flux, 
is proportional to the impressed e. m. f. less impedance drop, 
while the second magnetic flux, in quadrature with the axis of 
the primary exciting coil, or quadrature magnetic flux, falls off 
from equality with the main magnetic flux at synchronism to 
zero at standstill, or if by a starting device a quadrature b m. f. 
is impressed upon the motor in starting, to the quadrature mag¬ 
netic flux given by the starting device, or auxiliary magnetic 
flux. In consequence thereof, while in the polyphase motor the 
torque equals secondary energy current times induced e. m. f., 

^ 1 , in the single-phase induction motor it is secondary energy 
current times quadrature induced e. m. f., ^ when as- 

25 
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suming the quadrature e. m. f., and thus the quadrature flux to 
fall off proportional to the slip s, 

2. Thus the oalciilation of the single-phase motor load curves 
is the same as that of the polyphase induction motor, except 
that: 

1st. In the single-phase induction motor in the equation of 
torque, the factor ( 1 -^, 9 ) has to be added. 

2nd. In the single-phase motor the admittance and the im¬ 
pedances are different from those of the same motor on polyphase 
circuit. 

Since the magnetic field of the single-phase and the polyphase 
motor is the same at synchronism, the total volt-amperes excita¬ 
tion are the same, that is in the three-phase motor on single- 
phase circuit the total exciting admittance is three times, in a 
two-phase motor on single-phase circuit it is two times that of 
the same motor on polyphase circuit. 

The primary self-inductive impedance on single-phase circuit 
is the impedance of the circuit or circuits used. 

The secondary self-inductive impedance is the joint im¬ 
pedance of all the secondary circuits, that is one-third the im¬ 
pedance per secondary circuit with three-phase, or one-half with 
two-phase woiaid secondary or armature. 

3rd. In the single phase motor the characteristic constant: 

B twice that of the same motor on polyphase circuit 
and the behavior of the motor thus correspondingly poorer. 

3. "While the load curve of the single-phase motor calculated 
in this way gives a fair agreement vdth the test at or near syn¬ 
chronism, at intei mediate and low sy eeds, especially with motors 
of high magneiizing current, as high-frequency motors, ex¬ 
perience shows that a more accurate investigation of the internal 
reactions of the motor is necessary ; and in view of the rapid 
inti*oduction of self-starting single-phase induction motors, in 
which the range of torque curve from standstill upward is of 
importance, the results of this investigation will be given in the 
following: 

Primary Admittance ,—At synchronism the armature or 
secondary of the single-phase induction motor is not without 
current, but carries the exciting current of the quadrature mag¬ 
netic flux. The primary thus carries a current equal to the 
secondary exciting current or exciting current of the quadrature 
flux (reduced to the primary by the ratio of turns) plus the ex- 
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citing current of the main magnetic flux. Thus if Tq ex¬ 
citing admittance of the main magnetic flux, at synchronism, 
where main flux and quadrature flux are equal, the secondary ex¬ 
citing admittance or admittance of the exciting current in the 
secondary of the motor is Yi= Fq’, the total exciting admit¬ 
tance thus = Yq-\- Yi = 2 IV* 

At standstill in the absence of a starting device, the quadra¬ 
ture flux and thus the secondary exciting current have dis¬ 
appeared. If a starting device is used which impresses upon 
tlie motor at standstill an auxiliary quadrature flux t <Poj 

where 0^ = main magnetic flux, the secondary or quadrature 
exciting current at standstill corresponds to that is, is times 
the exciting current of the main magnetic flux, and the total 
exciting current thus (1+25) times that of the main magnetic 
flux. 

Thus the two magnetic fluxes can either be considered sepa¬ 
rately, the main magnetic flux corresponding to a counter e. m. f. 
e equal impressed e. m. f. less impedance voltage (in its proper 
phase relation) giving the primary exciting current and 

the quadrature magnetic flux corresponding to a counter e. m. f. 
6^, varying from e at synchronism to 25 ^ at standstill, and giving 
the secondary exciting current varying from eY^ at syn¬ 

chronism to e tY^ at standstill; or both magnetic fluxes can be 
considered together as produced by the counter e. m. f., e equal 
to the impressed e. m. f. less impedance drop, but ihe main 
magnetic flux as having a constant admittance Yq^ and the 
quadrature magnetic flux an admittance varying from JVi at 
synchronism to t IV ^t standstill (or 0, if at standstill no quad¬ 
rature magnetic flux exists). The latter method is the more 
convenient and thus preferred in the following. 

The function, in which the secondary exciting admittance 
varies between standstill and synchronism, depends upon the 
nature of the starting device, and is in the absence of a starting 
device and with the monocyclic starting device and the con¬ 
denser in the tertiary circuit, an elliptic function of slip, but 
can as first approximation be assumed as proportional to the 
slip, that is as linear function. The secondary exciting admit¬ 
tance at slip ^ is then : Y\ = [1-(1-25)5] in a motor whose 

starting device produces at standstill a ratio of fluxes L The 
total exciting admittance at slip s is thus : Y^ = Zq ’ + Zi^ = 
Zo^ (2-^) or Z^ “ Zo' + Zi^ = Zo' [2—(1—25)8] respectively. 
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4. Self-InduGtive Impedance .—At synchronism the secondary 
impedance of the single-phase motor is the joint impedance of 
all secondary circuits, that is one-third the impedance per circuit 
with a three phase, one-half the impedance per circuit with a 
two-phase armature, since all secondary circuits uniformly cor- 



Fia. 1. Load Curves of Three-Phase Motor. 
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respond to the primary circuit. At standstill, however, the 
secondary circuits correspond to the primary circuit only with 
their projection upon the plane perpendicular to the main mag¬ 
netic flux, that is as far as interlinked with the primary flux. 
That is, the resultant secondary impedance at standstill equals 
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one-half the joint impedance of all secondary circuits. Thus 
from standstill to synchronism the secondary impedance of the 
single-phase motor with a three-phase secondary of impedance 
per circuit varies from f at standstill to ^ at synchron- 



Torque. 

6o = 110. 

To = .002 + .03 i. 

^0 = .6-2.4/. 

Z, = .Q-) 

4 8 —[2.4 
19 2 — ) 

ism. With two-phase secondary of impedance Zj per circuit it 
varies from Zi at standstill to -I Zj at synchronism, and as first 
approximation the resultant secondary impedance of the single¬ 
phase motor can be expressed as function of the slip s : 

1 + 5 


1 
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in a three-phase secondary with impedance per circuit. 






1 + -^ 
2 


in a two-phase secondary with impedance per circuit. 

5. The primary self-inductive impedance is that of the circuits 
used. Thus in a three-phase motor of impedance Zq per primary 
delta circuit, when connected with two of its terminals to single¬ 
phase mains, the primary single-phase impedance is Z^ = | 
(since two sides of the triangle are in series with each other but 



Fig. 3. Speed Curves of Three-Phase Motor. Apparent Torque Efficiency. 

do = no. 

7o = .002 4- .03i. 

= — 2.4 j. 

7 , = .6 - ) 

4.8 —^2.4 5j?. 

19.2 — ) 

in shunt with the third side). In a two-phase motor of im¬ 
pedance Zq per circuit, with one circuit used on single-phase 
mains, the primary single-phase impedance is Z^^. 

The characteristic constant of the single-phase induction motor, 
or the product of exciting admittance at synchronism times total 
impedance at standstill, or approximately of exciting current 
over starting current, or of useful flux over waste flux, is twice 
that of the same motor on polyphase circuit, since in the three- 
phase motor the admittance is trebled, the impedance reduced 
to two-thirds ; in the two-phase motor the admittance is doubled 
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and the impedanceB are the same on single-phase as on polyphase 
circuit. 

6. As instances are shown in Fig. 1 the load curves and in 
Figs. 2 and 3 the speed curves of a three-phase motor of the 
constants per delta circuit. 

Impressed e. m. f.: = 110. 

Exciting admittance: Yq = .002 -1- .03 j. 

Primary self-inductive impedance : Zq = .6 — 2.4 j. 

Secondary self-inductive impedance: = .6 — 2.4y. 

Thus: Total impedance: Z = Zq Zj — 1.2 — 4.8y. 

^ = 4.918 
y, = .03001. 

Thus the characteristic constant d- z = .149. 

The same motor as single-phase motor, connected with two of 
its terminals to the single-phase mains, and without starting de¬ 
vice, has the constants: 

Primary exciting admittance: = .003 .045y. 

Secondary exciting admittance: = (1 — s) (.003 + 

.045 /.) 

Primary self-inductive impedance : Zy' = .4 — l*6y. 

Secondary self-inductive impedance : Zi^ = (1 5 ) (.2 — 

. 8 ;.) 

Thus at synchronism: P^ — Py^ + Pi^ = .006 -j- .09 /. 

7/1 = .0902. 

At standstill: Z^ = Zyi -f- Zi = .8 — 3.2y. 

= 3.30. 

Thus the characteristic constant d- =. y^ z^ = .298. 

The torque is T = (1 — s). 

This motor fairly represents what can be done in a 1 k.w. 125- 
cycle single-phase motor. Its load curves are shown in Fig. 4 
and the speed curves in Fig. 5. These curves are calculated in 
the way shown in my previous paper, with pi as exciting ad¬ 
mittance and Zy^ and Z^i as self-inductive impedances, exc.ept 
that these quantities here are functions of the slip 5 , and not con¬ 
stants as assumed in my previous paper. 
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II.—CoNDESrSEB IN TeRTIAEY ClKCtTIT. 

7. The efficiency of the single-phase induction motor, while 
inherently lower than that of the same motor on polyphase cir¬ 
cuit, is with better motors still quite fair. Yery low, however, 
especially at light loads is the power factor, and thus the ap- 



Fig. 4. Load Curves of Single-Phase Motor. 

= 110 . 

= .003 + .045/ 

=(!—«) (.003 -1-.045/) 

= .4—1.6/ 

=(! + ») (.3 — .8 sj ). 

parent efficiency, due to the primary circuit carrying the mag¬ 
netizing current of both magnetic circuits. This is the more 
objectionable as single-phase circuits are mostly of high fre¬ 
quency, and the high-frequency induction motor has inherently 
a higher magnetizing current, in consequence of the lesser pitch 
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per pole, and tlius lesser number of ampere-turns available in 
the motor field. This and the excessive current required with 
most starting devices, to get any noticeable starting torque, have 
thus far been the most serious objections to the introduction of 
the single-phase induction motor. 

To improve the power factor, which as seen, in the motor 
in Fig. 4, reaches only 7at full load and 53^ at half load, 
condensers shunted across the motor terminals have been pro¬ 
posed, but have not been successful, for the following reasons: 

At best the shunted capacity compensates for the lagging 
currents in the single-phase supply circuit only, but the excessive 
magnetizing current still exists in the motor circuits, causing a 
decrease of output, etc. In most of the high-frequency circuits 
existing to-day shunted capacity fails, however, entirely to re¬ 
duce the current taken by a single-phase motor. To do this it is 
that the k. m. f. wave of the generator resembles a sine 
wave with extreme closeness. This is not the case in most high- 
frequency systems, and is not desirable either, since the saw¬ 
tooth wave of the uni-tooth alternator, generally preferred, gives 
from 8 to 12% less hysteresis loss in the transformers than the 
sine wave, and thus a correspondingly higher all-day efficiency 
of the system. 

On such circuits with saw-tooth e. m. f. waves the condenser, 
while taking away the wattless lagging current, adds triple and 
ouintuple frequency currents of the same or even gieatei mag¬ 
nitude, and thus does not raise but may even lower the power 
factor and the apparent efficiency. 

Thus in the three-phase motor in Fig. 1, at 1600 watts output, 
the power factor is 78^, the current 6.6 amperes at 110 volts, 
hence: 

^ 5.15 + 4.13 j 

and, to compensate for the lagging current, a condenser suscep- 
tance would be required : 

k = = .0375 

110 

Assuming the wave , shape of impressed e. m. f., 

Eo = 107i + IO3 + 2O5 — 10, 

the current input in the condenser of general susceptance: 
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= — .0375 ^ 7 , 




18 : 


Ik = — l.lSJs — 3 . 75/5 + 2 . 63/7 

thus : the total current: 

I = lo + Ik 

= ( 5.15 4 - . 10 /j) — 1.13/3 — 3.75/5 -j~ 2.63/7 
or, absolute : 

/ = 6.99 amperes 

thus the power factor : 

tliat is, in this case, bj the use of shunted capacity with a dis- 
torted^wave of k. m. f., the power factor of the motor is reduced 

fiom (8^ to 73.1^, due to the appearance of higher harmonies of 
current. 

^ 8. Investigations extending over some years iiave led me to 
an arrangemeiit whereby the condenser can be utilized in the 
single-phase induction motor to compensate for the laggino- cur¬ 
rent not only in the supply circuit but also in the motor proper 
and that mdepeudently of the wave shape of impressed e. m. f.' 

by utilizing the (|Uiidrature magnetic flux induced in the motor 
at speed. 

If in a single-phase induction motor on the field or primary 
member, a second coil is arranged in quadrature "position with 
the primary coil, this coil is in non-inductive relation to the 
primary coil, but e. m. f. is induced therein with the motor 
at speed by the secondary or armature, that is, this auxiliary 
coil is a tertiary circuit which receives its e. m. f. by double 
transformation. 

Since, however, primary, secondary and tertiary have multi¬ 
tooth or distributed windings, and the magnetic flux in the 
secondary member revolves at constant intensity and constant 
velocity, due to its closed circuits of low resistance, the e. m. f. 
induced in the tertiary is an absolute sine wave irrespective of 
the wave shape of the e. m. e. impressed upon the primary (as 
fully borne out by tests). Connecting to the tertiary coil a con¬ 
denser of the same condenser admittance as the secondary ex¬ 
citing admittance, the tertiary condenser circuit gives the 
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secondary magnetizing current, that is the secondary current 
becomes zero at synchronism, just as in a polyphase motor, and 



=: .003 + .045 i. 

7,1 = (1 — s) (.008 + .045,?.) 

= .4 —1.6i. 

7,1 =(! + «) (. 3 -) 

1.6 —U.6*;.) 

6.4 — 1 

the primary current is reduced to the magnetizing current of the 
main magnetic flux only. 

If twice this capacity is used, the condenser current in the 
tertiary circuit supplies the magnetization of the quadrature 
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magnetic flux, and at tlie same time causes a current in the 
secondary to flow, which, carried by the rotation 90° or into 
alignment with the primary circuit, gives the primary magne¬ 
tization also, so that in this case the primary magnetizing ctir- 
rent entirely disappears, and the primary circuit carries energy 
current only, that is the total magnetization is given by the 
condenser in the tertiary circuit, or the motor has 100^' power 
factor. This requires a volt-ampere capacity of the condenser 
equal to the total magnetizing volt-amperes of the motor. 

-A.S seen, this arrangement separates the energy supply, and 
the magnetization of the motor into two circuits and siipplies 
the latter by condenser, and thus relieves primary mains and 
pi imary motor circuit of the lagging magnetizing current, 
thereby increases the maximum output of the motor, and brings 
the power factor up to unity, and at the same time uses the 
total circumference of the field structure, that is secures a 
greater economy of material. 

9. The calculation of such a motor is as follows : 

Let : 


^ 0 ^ — yo + / ^0 = primary exciting admittance. 

~ = (1 s) (go -\-j ^o) = secondary excit¬ 

ing admittance, as discussed above. 

Zo — Vu JX^ = primary single-phase impedance. 

= (1 + s) (r, —y s a?i) = secondary single-phase irnpe- 

dance. 

^2 ^2 ’ j SG'Z tertiary self-inductive impedance. 

J 3 z= ^3 y ^ condenser admittance, thus : 

= = condenser impedance, and 

Y 1 _ *2 

* ~ ^ ^3 ~ = total admittance of tertiary 

circuit. 

Where: s slip. 

Let, further: 

e = E. M. F. induced by the mutual magnetic main flux at 
full frequency. 
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Thus, (1 — s) e = induced quadrature e. m. e. 

It is then, at slip s ; 
tertiary current; 

I, = e (I — s) Yi 

= e (I —s) (^4 —/ ^4) 
secondary exciting current: 

iio = ^r/ =(^o+i^o) 


secondary load current: 


_ _ e s _ e s _ 

“ (TT«) (n —i s * 1 ) 


^ (®i ”1" ?' ** 2 ) 


where: 

= (1 s) (n'’+" 

thus, total secondary current; 

r = ix + ixo 4-14 

primary current; 

i„ = r +. r„^ 

= « (5x +i ^ 3 ) 

where: 

Z,, = ax 4- (2 — «) + (1 — «) ?4 

J, = ag + (2 — s) 5o — (1 — «) ^4 
primary impressed e. m. e.: 

Eo = ^ *4” ^ 0 ^ lo 

= ^ (<?i + 3 

where; 

Cl = 1 4- ^0 5 i + Xq I2 ^2 == ^0 ^2 — 


thus: 

6 = etc. 

Ox" + 0** 

torque : 

r = 0 " ax (1 — s) etc. 


10. In practice the tertiary circuit is usually not arranged in 
quadrature position with the primary circuit, but under an angle 
of 60°, so as to give inthe moment of starting the same mutual in- 
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duction between primary and tertiary, and thereby induce at 
standstill an e. m. f. in the tertiary, which by causing a leading 
current in the condenser circuit, produces an auxiliary quadra¬ 
ture magnetic flux and thus makes the motor self-starting. At 
the same time, this arrangement offers the advantage of using 
the ordinary three-phase motor as singlephase condenser motor. 
It is shown in Fig. fi : 

In a three-phase motor the terminals 1 and 2 are con¬ 
nected to the single-phase mains a and 5, the terminals 1 and 3 
to the condenser of admittance 5^. In this case the 

ciicuits 1-2 and 1-3-2 in multiple act as primary, and the cir¬ 
cuits 1-3 and 1-2-3 in multiple as tertiary circuit. Since at 
present this arrangement, with either a or Y connected 



Pro. 6. 

motor field, is exclusively used, and any other arrangement can 
be investigated in an analogous manner, I shall in the followinc- 
restrict the discussion thereto. ® 

_ With a position angle of 60° the tertiary circuit is still so far 
distant electrically from the primary that at speed it is prac¬ 
tically independent of the wave shape of primary impressed 
E_. M. F., and no serious effect is produced in the condenser 
circuit by a distortion of the primary wave shape. That is with 
the saw-tooth wave of the uni-tooth alternator the compen¬ 
sation for lagging currents by the condenser is still practically 
complete and the power factor unity. 

III. Theory of Single-Phase Condenser Motor with 

Three-Phase Arrangement of Circuits. 

11. Let, in a three-phase wound induction motor: 

Zq Tq j Xq = primary self-inductiye impedance per motor 
delta circuit. 
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Zi = Ti — j *1 = secondary self-inductive impedance per cir¬ 
cuit, reduced to primary 

= g^-\- j &o = primary exciting admittance, per motor delta 
circuit. 

Y^ — — j iz = admittance of condenser connected across 

motor terminals 1 and 3, Fig. 6 while motor terminals 1 and 
2 are connected to the single-phase mains of e.m.f. 

On a three-phase system of k.m.f. e^, it is, in starting, per mo¬ 
tor circuit: 

I = ^ j Oz) = secondary current, 

n— 

where; 

_ Xi 

e = counter e.m.f. of motor. 

<3 JTo = <3 + 3 h) = primary exciting current, thus : 

= + e e {h, +j h) = primary current, 

where : 5i = % + ^2 = <^2 + h 

thus, primary impressed e.m.f.: 

JJq = ^ .Zq Io ^ (fi 3 ^’ 2 ) 
where : Ci = 1 “1“ ^0 ^2 ^'2 = '^0 ^2 ^0 


hence : 


and, absolute: 


En_ 

?rT7^2 




thus, total stationary admittance^ per motor delta circuit: 

y = = y 3 ^ 

Eo +.7 


I 


h ^1 — ^'2 


where: 


4 " ^2 ^2 
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the starting torque per circuit is : 


T ^ ^ 

+ ci 


thus, total/ stai'twig torqas: 


T =Z T — ^ 


12. Starting as single-phase condenser motor, it is, in Fig. 6 
admittance of circuit from terminal 1 to 3: Y 
let the Ts.M.p. across be: jj 

admittance of circuit from terminal 3 to 2: Y 

the ^ _ j,_ 

thus, since the same current passes both circuits in series: 

r + Fs = '?o — Es -4- Es 


where : 


2 Y-j- JTj ~ '^' 2 ) 


A, = + A, = Sf+}.)-<,ai~i.) 

i^ff + gs) + {2 b ~ b,Y {2 g + P 3 ) 2 + 

and, absolute ; 

‘'a = VJiY + M 

thus, the ratio of condenser to main at standstill: 

The quadrature component of which gives the auxiliary 
quadrature or starting magnetic flux, is thus : 

-S’s^ = ^0 

In the three-phase motor, at equality of the main and the 
quadrature fluxes, the quadrature flux is, as altitude of the equi- 
lateral triangle : ^ 
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Thus, with single-phase condenser motor, in starting the ratio 
of auxiliary quadrature to main magnetic flux is : 

t = = —I — l.lSo ^2 

4/3 

and thus the starting torque : 

T^ = t T^ = 1-155 h T^ 

Since, in the circuit from terminal 3 to 2 the admittance = JT, 
the E. M. F. — Esi it is : 

Current taken by the condenser motor in starting: 

lo = (<^o — -^3) ^ 

_ e, Z(3 r + 2 Ts) 

2 Jr+ 1-3 

13. Running as single-phase condenser motor, it is, denoting 
the counter e. m. f. of the main magnetic circuit at slip shy e: 
secondary impedance: 

= § (1 + (n 5 

primary impedance: 

Zq = |- Zq = 'I (^0 j ^ 0 ) 
primary exciting admittance: 

Yq = 1.5 2 0 = 1.5 (^0 4“./ ^o) 

secondary exciting admittance: 

= 1.5 Zo [1 - (1 - t) 5 ] 

since for: 5 = 1, the secondary exciting admittance must be : 

Yi — t Zo\ t being the ratio of quadrature flux to main flux, 
condenser admittance: 
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self-inductive impedance of tertiary circuit: 

Za = I Za = I- (ro —j 

thus, total admittance of tertiary condenser circuit: 


1 


Za 

Za 




The E. M. F. acting upon the condenser admittance drops 
with increasing slip, from at ^ = 0 to =: h 2 A s — 1^ thus 
is at slip approximately : 

eo [1 — (1 — A) s] 

or inversely, assuming upon the condenser circuit instead of the 
induced e. m. f. of this circuit, the main induced e. m. f. e act¬ 
ing, the admittance has to be reduced in the proportion 

fi 

e ’ 

that is, the apparent admittance of the condenser circuit at slip 
or admittance reduced to induced e. m. f. is: 

y/ = Y, [I - (1 - h) 

14. The calculation of the motor is now as follows : secondary 
load current: 


Ii 


s e 


S s e 

(I 4- s) (n ~J s X,) 


e («! 4- j Oi) 


secondary exciting current: 

= e Y,^ = 1.5 ^ [1 _ (1 _ t) s] 

secondary condenser current: • 

l, = eY,^ = e Y, [1 — (1 — /,) 5 ] 

thus, total secondary current: 

- It + It^ + I4 

primary exciting current: 

^ Yo^ = 1.5 ^ yo 
thus, total primary current: 
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lo = I' + Io‘ 

= Ii + I4 + Ii‘ + V 

= e ih +J 

primary impressed e. m. f.: 

Eo = ^ “h ^0^ lo 
= ^ (^'1 +i ^2) 

thus, main counter e. m. f.: 

._ Eo 


<^1 + J ^2 


or: 


E = 


_ ^0 


and, absolute: 


hence, primary current: 


+ j 

___ 


lo^ 


< ^Q (^1 4~ .1 ^ 2 ) 

+ j ^2 


h 


A/^ 


+ li 




volt-ampere input: 
power input: 


Qq — 

Pq = [lo ^0]^ ~ 


1 _ 2 H “ ^2 <^*2 


<?l‘^ + 6-/ 


Fictitious torque (that is, torque, which would be given, if the 
quadrature hux equalled the main inagnetic flux): 


At standstill, the torque riiust be : 


ai 

Ox + ci 


thus if : 




Oq ax 


Ox + oi 


T,^tT, 


= fictitious torque at standstill, 


denoting: 
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it is : 

torque at slip s : 


t T 


A 


eo ai 




T — T'- [\. — (1 — ?;) s] 


+ ci 


[ 1-(1 





s;s 

20 


20 

18 

16 

U 

12 

10 

8 

6 

2 

0 


Fio. 7. Load Curves of Single-Phase Condenser Motor. 


= 110 

r,! = .003 -f .045 J. 

3^1* = (1 — .947 «) (.008 + .046 J.) 
= .4 — 1.6 J. 

Z,^ = (l + s)(,3„.8sj,) 

3^4^ = (1 — .37 s) (.0086 — .105 j.) 
T = e» Uj (1 — .903 s.) 


and, power output: 


P = T(^ — s) 
+ ci 


(1 — s) [1 — (1 — v) s\ 


saaaawv 
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Fig. 8. Speed Curves of Sinscle-Phase Condenser Motor. 

= 110 . 

= .003 + .045 i. 

= (1 — .947 s 

.806 5 

.448 5) (.003 + .045^.) 
=4-1.6i. 

F,i =(l + a;(.2-~) 

1.6-^U.6 5j.) 

6.4—) 

YP = (I — .37 s 
.39 5 

.38 5) (.0086 + .105i) 


SYNCHR. WATTS 







46 


QTEINMhnVj ON SINQLE^FUASE MOTOR, [Jan. 24, 


And herefrom the efficiency, apparent efflcieftcy, torque effi¬ 
ciency, apparent torque efficiency, and power factor. 

As seen, before calculating the curves of the single-phase in¬ 
duction motor with condenser in the tertiary circuit, first the 
constants t. /i, and v have to be calculated. 

15. As an instance are shown in Figs. 7 and 8 the load and 
the speed curves of the motor given as three-phase motor in 
Figs. 1, 2, and 3, and as single-phase motor in Figs. 4 and 6, 
with a capacity slightly over-compensating for the exciting cur¬ 
rent so as to produce 100^ power factor as intermediate load 
(about 1000 volt-amperes condensance). 

In this motor, it is as three-phase motor: 

Zo = .6 — 2.4 y 
Zi — .6 — 2.4 y 
Zo= .002 -1 MJ 
As condenser admittance is assumed : 

Za = .003 — .09 j 

that is, an energy loss of 3.3^ is assumed in the condenser and 
its compensator. 

The speed curves in Figs. 2, 3, 5, and 8 are shown for short- 
circuited secondary: 7\ = .6 ohms, and also for resistances in¬ 
serted in the secondary so as to give per secondary circuit the 
total resistance n = 4.8 and: 7 \ = 19.2 ohms. 

It is then, at standstill as three-phase motor: 

Three-phase: 


s = 1 

n: lo: 

II 

o 

T 

.6 

5.4 + 22.4 j 

.049 + .204 3 

A: 

825 

4.8 

10.9 4- 11.4,; 

.099 + .104 3 

3030 

19.2 

4.9 + 4.0 j 

.044 + .037 3 

1480 


In starting as single-phase condenser motor, it is: 

Zg = .003 — .09 j 


thus: 
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Y 






= 1.155 7^2 : h— 


li 

.6 

.63 -|- .046 y 

.053 

.630 

44 

4.8 

.59 + .168 j 

.194 

.613 

590 

19.2 

.40 + .477.; 

.552 

.623 

820 

At standstill as single-phase condenser motor, for s = 

1, it is : 

thus : 

Y, = 

.0086 — .105 j 




■■ ' 

3? : 

ry = t 

J- 0 • 

A- 

—1.6 y .4 —1.6 y 

.003 + .045 j 

.00016 + .0024 y 

3.2 ■ 

— 1.6,; .4 — 1.6.;' 

.003 + .045.; 

.0005 + 

.0087 y 

12.8 ■ 

— ] .oy .4 — i.6y 

.003 -|~ .04.5 y 

.0017 + 

.025 ; 


r/ = hY,-. 

; 

II 



.0064 — .066 j 

455 

.097 



.0053 — .064 j 

1685 

.35 



.0054 — .065 j 

820 

1.00 



and herefrom the motor is calculated, as explained above. 

16. Comparing now the load curves of the motor under the 
three conditions of running, we see that as condenser motor on 
single-phase circuit the maximum output, 1810 watts, is higher 
than as ordinary single-phase motor, 1500 watts, but still very 
much less than as three-pliase motor, 2680 w^atts. The slip at 
maximum output point is the same in the condenser motor as 
in the single-phase motor but less than in the three-phase motor. 
As single-phase motor the power factor, with a maximum of 
73^, is less than as three-phase motor, with a maximum of 79^. 
As condenser motor, however, the power factor starts with 
71.3^ at standstill, reaches 100^ at 800 watts and then decreases 
again to 90^ at 1700 watts. In the total range from 260 
watts to 1510 watts output the power factor is above 95^, that 
is practically unity. Below 800 watts output the current is 
leading, above it is lagging. In consequence of the high-power 
factor the apparent efficiency, that is the output per volt-ampere 
input is higher in the condenser motor than even in the three- 
phase motor, reaching a maximum of 80^ in the former, and of 
only 69^ in the latter. The effiiciency is slightly less in the con¬ 
denser motor, with a maximum of 81^, than in the single-phase 
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motor with 84^ maximnm. This is due to the energy loss in 
the condenser, or rather the compensator feeding the condenser 
(since with a 110-volt motor a compensator is required to bring 
the voltage at the condenser up to 500 volts as the minimum 
practicable in condenser). In the three-phase motor the effi¬ 
ciency is considerably higher, with 89;^ maximum. 

It must be considered here, however, that these efficiencies, as 



Fio. 9. Torque Curves. 

Single phase, = 106. 

Three-phase, — 77.5 

Single-phase, Condenser in Tertiary, == 96 

Single-phase, Condensanee-Inductance,, 77.5 

in my previous paper, do not include the friction loss of the 
motor, which, depending upon the individual conditions of the 
motor, as number of poles, speed, etc., cannot be included in a 
general theory; and the outputs given are thus output at the 
secondary conductors, or mechanical output plus friction. 
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Especially interesting is the current running light, or exciting 
current, which in the three-phase motor isS9.8^ of the current at 
two-thirds maximum output, in the single-phase motor is 55.7^, 
but in the condenser motor only 17.4^ of the current at two- 
third maximum output, which can approximately be considered 
as the proper full load ratins:. Figs. 2, 3, 5, and 8 show 
the torque and the apparent torque efficiency, that is the torque 
per volt-ampere input, as function of the speed of the motor. 
As seen, the condenser motor takes an intermediate position be¬ 
tween the three-phase and the single-phase motor. In the three- 
phase motor the maximum torque remains the same with 



Fig. 10. Eesistance Curves of Three Phase Motor and Condensance-Inductance 

Single-Phase Motor. 

^0 = 110 


increase of the secondary resistance, and the total torque curve 
merely shifts towards lower speed, the slip increasing propor¬ 
tional to the armature resistance. In the single-phase motor 
the maximum torque not only shifts towards lower speeds with 
increase of armature resistance, but falls off proportional to the 
slip, and thus rapidly becomes insignificant. In the condenser 
motor the falling off of the maximum torque, with increasing 
slip, by the introduction of secondary resistance, is much less, 
and the torque curves resemble more those of a three-phase 









60 8TEINMBTZ ON SINOLE-PHASB MOTOR. [Jan. 34, 

motor. _ Obviously the effect of the condenser on the starting 
torque is greatest with high secondary resistance, where the con¬ 
denser current gets nearer in magnitude to the current taken 
by the motor proper. Especially interesting are the curves of 
apparent torque efficiency. While they fall off rapidly with the 
speed in the single-phase motor, they remain high in the con¬ 
denser motor and the apparent torque efficiency of the latter, 
even in storting, is higher than with the three-phase motor! 
That IS, with resistance in the secondary, the single-phase motor 
with condenser in the tertiary circuit can give a larger starting 

torque per volt-ampere input than the same motor as polyphase 
motor. ^ 

This latter feature is still better shown in Fig. 9, where with 
the torque as abscissae the volt-amperes input are plotted as 
ordinates, the voltage at the motor being assumed as reduced to 



eo = 110 

3^3 = .0034 — .%j 

such a value as to give the same maximum torque of 1500 
synchronous watts in all motors. This would require for the 
three-phase condition of operation 77.5 volts, single-phase 106 
volts, and for the condenser motor 96 volts. These curves show 
that for any torque and especially for small values of torque, or 
light loads, the condenser motor takes the least, the single-phase 
motor the most volt-ampere input. 

Curves 8 show, however, that while it is undesirable, with 
polyphase motors, to start with a short-circuited armature, that 
IS, no rheostatic control, wherever any considerable starting 
torque is required, due to the excessive starting current required 
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TOder these conditions, this is still more the case with the con¬ 
denser motor. 

17. The variation of starting torqne with the armature resis* 
tance is shown for the three-phase motor and for the condenser 
motor in Figs. 10 and 11, as calculated from the equations. 

As seen, in both forms of motor with increase of resistance 
the starting torque increases, reaches a maximum, and then de¬ 
creases again. The maximum in the three-phase motor is higher, 
3030 synchronous watts, at lower secondary resistance, = 4.5 
ohms, than with the condenser motor, where the inaximuna 
torque of 895 synchronous watts occurs at rj = 6 ohms. The 
apparent torqne efficiency or starting torque per volt-ampere 
input reaches a maximum in the three-phase motor at far higher 



Fig. 12. CiipacitY Curves of Single-Phase Condenser Motor. 

ro = 110 
T= .099 + .104i 
.044 -f .037 i 

resistance tlxan tlie torqne and is 72^ at 12 olinis. In the con¬ 
denser motor the maximum of apparent torque efficiency is 
70.5^, and nearer the maximum torque, at 7 ohms. For 
the latter motor the starting conditions are calculated for a 
•constant capacity of Ts = (.017 —.2, that is higher capacity 
than chosen in the motor in Figs. 7 and 8. 

The effect on tlie starting torque of the condenser motor, of a 
variation of capacity is shown in Fig. 12 for the secondary re¬ 
sistances: n = -1.8 and: = 19.2. As seen with the increase 
of capacity, in either case starting torque and apparent torque 
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efficiency increase, reach a maximum, and then decrease again. 

higher armature resistance: = 19.2, the maximum 

starting torque is at — (.017 —j) .12, and is 890 synchronous 
watts; with lower armature resistance : = 4.8, it is 1615 syn¬ 

chronous watts at = (.034 — j) . 3 . 

The cause of the falling off of the starting torque if the 
capacity is increased beyond a certain value is the decreasing 
voltage at the condenser. ^V^ith the increase of capacity the 
total impedance of circuit 1-3 in Fig. 10 and thus the voltage de¬ 
creases again,the circuit approaching the condition of short-circuit. 

18. As seen in the preceding, the starting torque of the single¬ 
phase induction motor with condenser in the tertiary circuit 
depends upon the secondary resistance and upon the capacity, 
and for every value of capacity a certain secondary resistance 
exists, and inversely for every value of secondary resistance a 
certain capacity, which gives a maximum starting torque. 

These values of secondary resistance and of capacity which 
give maximum starting torque can approximately be calculated 
as follows: 


Let: Zq =z Tq —j Xq = primary self-inductive impedance, 

== —j == secondary self-inductive impedance. 

Then : Z == Z^ = r — j a?, is approximately the total im¬ 
pedance, and 








is the total admittance of the motor at standstill. 

Hereby the exciting current of the motor is neglected, which 
essentially amounts to assuming it as shunt to the total circuit 
instead of as shunt between primary and secondary circuit, 
li JEq ■=: impressed e. m. f., the counter e. m. f. is 


E, \/ J±±yI 

Neglecting the energy coefficient of the starting condensers, 
their admittances can be represented by : 

Y, = — 2Jk 
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From the preceding calculation, the e. m. f. across the conden¬ 
ser is: 

Es — ^0 

where : 


A = 


r 

2 r ^Fs 


1 




2 (1 — hx —j h t) 


and the quadrature component of A is thus : 

7 k T 


- 2 [(i - * xf + 16^ 

the torque of the motor* on three-phase circuit is : 

8 Ti 


T A — ^ ^ ai - ,, 

^ Ti -j- Xi 


thus, substituted for e , 


8 r\ 


^ 7^ -f 0!^ 

and hence, the starting torque of the single-phase motor: 




. h,T 


eo^ h r 7\ 


^3 A (f^ -|- [(1 — k X) kf' 7^] 

1/8 ^0^ * 

x^) [(1 — k xf + F V 


- U 


T kr _ 

f ~ 's/Ye'^ (F + F) [(1 — k xf + F r^] 


___ k j 1^ ) 

“■ {f^ + F) [(1 ~ F 1 r ) 

or, approximately; 

^ _ kr^ 

^ (f 4- F) [(I — k xf + F T^\ 

The maximum starting torque, at given capacity ^5, as function of 
resistance r is determined by: 
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-5/ _ 


whicli, expanded, gives: 


(1 — h xf — =: 0 


T = i^± a? (1 — hx) 


{u? —x '/'k) 


substituting these values of r into Ty\l is: 

(1) Ti = eo k (l— !«) = ^,,2 k (i___\ 


>^2>ei'k {\—TA /t: i-L , 

[ 2 ') 'T — _ ^ ^ ^0 ^ 1 _ '>'a 

’ {2hx — lY ~ ('^ kx — 1)2 V Vi^—x/h 
The value of Ic giving maximum torque is found by : 


or, expanded : 




which gives the approximate solution, by substituting in the. 
right hand side: 






Instance: 


= 110 

* = 4.8 ro = .6 

\ = 5.656 

k 


^ = V- — = 1.905 


= 1.305 




1900.] 


8TEJNMETZ ON SINGLE-PHASE MOTOR. 


65 


Zs =-.36i 
T, = 2580 


( 2 ) 

or, expanded : 


1^2 = 0 

dk 



which gives the approximate solution, by substituting in the right 
hand side: 1/h = x: 



Instance: 

X = 4.8 n = .6 

1 = 4.044 
k 

T — 1.905 
= 1.305 
Ts = — .495.; 

T, = 1870 

19. From the equation : 

4/3 Jerr^ _ 

-[T aj'-i] [(1 — Jcxf ^ ¥• 7-2] 

the maximum starting torque, for a given value of secondary re¬ 
sistance 7 - 1 , and thus total resistance r, as function of the capacity 
A, is found thus. 

Let: 

T + a!*) _ h 

6 ^ (1 — ^ 83)2 _j_ ^ 


it is then : 

=0 
d h 

expanded, this gives: 

1 — ¥ X? — F f ® = 0 


or : 
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substituted: 


T, = 


^ - -|.- ^2 

^3 r rj 
2 — x) 


thus: 


Instance: 

Z^ = .Q — ‘2,Aj = 4.8 —2.4 ,;719.2 —2.4/ = 110 

-2" = 5.4 — 4.8 //19.8 — 4.8 j 
B = 1.225 /20.3r 

h = .1385 .049 

1/ = — .277 j — .098 j 

Ta = 2150 625 



Fi9. 13. 


These values obviously are approximate only, for the reasons 
stated above. 

Theee-Phase Relation of e. m. f.^s. 

^ 20. The starting torque of the three-phase wound single-phase 
induction motor can be increased far beyond the maximum value 
available by the use of capacity in the tertiary circuit, by shunt- 
1^ the third side of the motor triangle 3-2 by an admittance 
J: 5 , which usually will have to be an inductance. By suitably 
vajing the admittances Y, and the voltages across 1-3 
and 3-2 can be maintained equal, and equal to the impressed 
voUage across 1-2, that is, a perfect three-phase triangle pro- 

let thus, in Fig. 13 : 
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= ^3 —j? ^3 = condenser impedance shunted across 
circuit 1-3, 

+ 3 ^5 = inductive itnpedance shunted across 
circuit 3-2, and 

Y g j T) ~ total im{3edance per motor delta circuit. 
It is then : 

Impedance of circuits : 1-3 : y -|- 1^3 
Impedance of circuits : 3-2 : Y 
Thus, if Es = E.M.F. across 1-3, E 5 = e.m.f across 3-2, 
it is : 

E3 - E5 = r+ Y, - 1 -+ Y, 

since the same current pas^ses throngli both circuits in series. 

The condition of exact three-phase relation of the three e.m.f.’s 
at the motor terminals is, that E 3 and Es equal, and 120 ° 
displaced in phase, that is : 

5? = cos 120 ° + j sin 120 ° 

Es 


_ — 1 + i V3 
2 

thus, substituted : 

r + ^5 _ — 1 +i Vs 

Y-V Y, 2 

Assuming now the energy loss in the inductance Y^ as 6%, 
that in the condensance Y^ as 1.7^, it is : 

Y^i = ^5 (-05 -f- j) 

Y, = h (.017 -j) 

Substituting these values, and Y = g j h, in the equation : 

F+ F _ — 1 V3 

Y+Y, 2 

separating the real and the imaginary components, and resolving, 
gives: 

bs = 1.885 ^ + .95 5 
bs = 1.836 g — 1.012 b 

thus: 
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Y, = (.017—i) (1.885 g + .95 1) 

Y, = (.05 +.;) (1 886 g — 1.012 h) 
and, the total current input in tlie motor : 

lo = z +1(i-i,; t/ 3 ) (r+ z,)=«„z+| {1-j ^3)( F+ r,) 

= <?o I (3.14 g — .035 h) + j (1.038 h — .04 g) |- 

Negleeting, as approximation, the energy components of Y. 
and Z 5 , it is: 

Zs = —j Sj 

, . r,=jh 

tlmSj substituted: 

h = g vz-\-i 

h = g VI —h 

and: 

lo = ^0 j i) 

while in the three-phase motor the total current is: 

lo == 3 ^0 (g +i i) 

that is, two-thirds of the wattless current is compensated for. 

Or in other words, by using the two impedances Zg and Z 5 of 
the values calculated above, on a single-phase circuit, a three- 
phase 1 elation of e. m. f.’s is produced, that is, .the motor oper¬ 
ates as three-phase motor with the same maximum output, torque, 
etc., but with a lesser current input, that is higher power factor, 
tlie wattless component of current being i-educed to one-third! 
That is in the two sides of the e. m. e. triangle produced by the 
capacity inductance device, the total magnedzing current is sup¬ 
plied by the capacity, and the supply current gives the magnet¬ 
izing current of one-phase only. 

Obviously to maintain three-phase relation of b. m. f.’s, the 
susceptances 5 g and 5 g have to be changed with the speed as the 
above given functions of h and g. 

Thus from the values of power factor and current and e. m f., 
calculated for the motor as three-phase motor, the total admit! 
tance of the motor : 

JT = = (^1 4“ h ^ 2 ) (^2 Gi — hi 

Eo ' ~ 
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is calculated as function of slip and lierefrom the impedances 
and as functions of the slip s required to give a three- 
phase triangle and the current input of the motor calculated : 

The load curves of the single-phase motor with two impedances 
1^3 and Y^ adjusted so as to give a three-phase triangle are shown 



Fig. 14, Load Carves qf Single-Phase Motor with Condensanee-Inductance 

Device. 

-So no 

in Fig. 14, the speed curves in Fig. 2 and 15, and the volt-ampere 
input as function of the torque, reduced to the same maximum 
torque of 1500 synchronous watts as the other motors, that is, to 
77.5 volts at the terminals, is given in Fig. 9. 

In this case, where exact three-phase relation is produced, the 
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motor can be calculated as three-phase motor, with the only ex¬ 
ception of the current input lo, which is given by above formula, 
and the quantities dependent thereupon as etc. 

Where no three-phase relation is proiluced, but for instance 
fixed amounts of capacity and of inductance inserted, the calcula¬ 
tion is the same as in the chapter on the single-phase motor with 
condenser in the tertiary circuir, except that the motor now con¬ 
tains two tertiary circuits, one closed by capacity admittance 
and one by inductive admittance and thus in determining 
the secondary current two tertiary currents e [I — (I — 5 )^ 3 ]!^ 
and e[l — (1 — «) Ag] have to be considered. 

As seen, with three-phase relation of e. m. f.’s the load and 
speed curves of the motur are those of the motor as three-phase 



Fig. 15. Speed Curves of Single-Phase Motor with Condensanoe-Inductance 
Device. Apparent Torque Efficiency. 

motorj except thut the e&ciency is slightly lower due to the en- 
ergy loss in condenser and inductance, and the power factor 
greatly raised, from a maximum of 79^ to a maximum of 97%, or 
almost unity. As a result, the apparent efficiency and the appar¬ 
ent torque efficiency are far higher than those of the three-phase 
motor and higher still than those of the single-phase condenser 
motor at constant capacity in the tertiary circuit. Or in other 
Words, this motor requires the lowest volt-ampere input of all 
for a given torque. ’ 

The impedance is always a capacity. The impedance Ts 
is with short-circuited low resistance armature as shown in Fig. 
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15, a capacity from standstill up to a certain speed, then becomes 
an inductance, and very close to synchronism again a capacity. 
With high resistance armature or rheostatic control it is always 
an inductance, except very close to synchronism. 

It thus follows, that in single-phase induction motors with a 
condenser in the tertiary circuit, compensating or slightly over¬ 
compensating for the exciting current at load, an apparent 
torque efficiency or torque per volt-ampere input can be produced 
equal or higher than that of the same motor on polyphase circuits^ 
and with rheostatic control of the secondary, a starting torque 
per volt-ampere fully equal to that of the motor under the same 
conditions on polyphase circuit. The maximum starting torque, 
however, which can be produced thereby is limited, and thus,, 
where a very large starting torque is needed, in addition to the 
capacity, an inductance in the third phase of the motor is re¬ 
quired. Hereby, by producing an equilateral e. m. f. triangle in 
starting, in the single-phase motor, the same starting torque can 
be produced as given by this motor on three-phase circuit, that is, 
a starting torque far exceeding the maximum torque of the motor 
when running single-phase or with condenser in the tertiary 
circuit. 

In the preceding I have discussed the theoretical side of the 
problem only, but may remark that practical experience during^ 
the last few years has fully proved all the conclusions deduced. 


Schenectady, N. Y. 
January, 1900. 
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Discussion: 

De. Fupin :—I would like to ask Mr. Steinmetz to make a pic¬ 
ture of how the armature stood aud the secondary circuit and the 
tertiary eirciiifc and tlie condenser. I cannot make out from the 
paper what the exact arrangement was. 

Me. Stein]V[etz :—The primary or impressed circuit is mounted 
on the stationary member of the motor. The secondary circuits 
are distributed over the rotating member in polyphase winding. 
The tertiary circuit is arranged on the stationary member of the 
motor, thus in constant relative position to ,th*e primary circuit, 
theoretically at 90° angular displacement. Applied to the three- 
phase wound inotor with star or ring connected stationary 
winding, of terminals, 1, 2, 3, terminals 1 and 2 are connected to 
the primary impressed e. m. f., terminals 1 and 3 to the conden¬ 
ser as tertiaij circuit, and referring to tlie last chapter of the 
paper, the inductance used as second tertiary circuit is con¬ 
nected to terminals 3 and 1. 

De. Pupin j —It seems to me that there is a reaction thei*e 
between the circuits. ^ Take the first case where Mr. Steinmetz 
put the two circuits first at right angles to each other and puts a 
condenser in one of the circuits. Well, the two will still react 
upon each other through the secondary. Now it does not make 
any difference whether that condenser circuit reacds upon the 
primary directly or indirectly, the reaction will be there. It is 
as far as I can see through it—of course I do not pi'ctend to be 
able to analyze completely the A^'hole arrangement at a moment’s 
notice,—I have not seen the paper before-^but I think it is just 
the same case as that investigated by myself in 1895, the effect of 
a ^ secondary circuit^ on a primary when the secondary con¬ 
tains a condenser in it, which I at that time called Gon^oncmce,, 
and whudi was investigated by Mr. Steinmetz afterv^ards, ’ 
and by Feldman in Germany. It is simply this: You can 
influence the phase of a primary circuit by a condenser in the 
ciicuit itbelf, which is not always an advisable thing to do 
because that circuit may have a very lar^e self-induction and 
verv high voltage, and if you put a condenser in there, either in 
senes with that_ self-indnction or in parallel, you will have 
trouble l ou will have very large rise of potential and probably 
a bieaking down of the condenser. So at that time I suggested 
that It would be advisable to use a secondary circuit with small 
seli-induction, and large capacity. You could get that way a large 
current, therefore a large magnetomotive reaction, and therefor^a 
powerful regulation of the phase of the primary current. So that' 
looking upon those matters in this way, I should be inclined, I sup¬ 
pose, partly for selfish reasons, to think that Mr. Steinmetz’s ar¬ 
rangement IS a particular ease of electric consonance. I do not 
mean to claim an anticipation of the ideas contained in this paper. 
xJut i mean to say that,__analyzing Mr. Steinmetz’s arrangements to 
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its last scientific principles, I would say they ai*e about the same 
thing as electrical consonance. I do not, of course, wish to say 
anything that might in the least diminish the credit for the woiiv 
which Mr.^ Steinmetz describes in his able paper. In dealings 
with circuits like that, if you employ condensers yon feel just like 
a baby walking on a slippery fioor’. The work is exceedingly 
delicate and laborious and sometimes interesting, sometimes very 
tedious. It requires a large amount of woi*k before you get 
things right. It seems to me that Mr. Steinmetz has ex¬ 
perienced that, because in his ])aper he seems to use coaxing 
terms. Where we say reactance’’of the circuit and ‘imped¬ 
ance” of the circuit, he uses coaxing teiansas “admittance” and 

permittance,” as if to say : Just come in, dear current, don’t he 
afraid, and he seems to get the current to come in and do the 
work he wanted it to do. 

Mr. Chas. S, Bradley:— In 1895 I did considerable work on 
this line of motors and it was partially suggested by Dr, Pupin’s 
work on consonance. There are several ways of arranging tliese 
circuits and I have always believed tliat one of the Ixxst was to 
have one circuit at one angle and another one at a slight angle 
say, at an angle of about 60 degrees, with the inductance in " it. 
Imagine that this is the secondary (referring to sketch) wound for 
three-phase, with a three-phase condenser, a slight effort of rota¬ 
tion produced by an angular coil will cause a three-i)hase current 
to be set up in the secondary and a rotation of the magnetism, 
while the armature is standing still, and with the three-phase con- 
densei* the conditions are more thoroughly established so that it 
gives the motor a directive effort at once if the inductance is prop¬ 
erly proportioned to the condenser, the condenser will then take 
off" all the lag due to the additional inductance and also the in¬ 
ductance of the motor. The motor is self-starting and is a con¬ 
sonance motor, its secondary circuit being in a consonance rela¬ 
tion with the primary and by increasing and decreasing its capa¬ 
city the motor can l>e made to give full torque froin start - to 
complete load. 

Mr. Steinmetz There is one essential difference between 
the arrangement discussed by me and tlie application of the con¬ 
denser in a transformer secondary called by Dr. Pupin, “ con¬ 
sonance,” or Mr. Bradley’s condenser motor, and that difference 
is that the condenser in my arrangement is not in a secondary 
circuit to the primary impressed circuit. 

Thus, taking the theoretically simplest case of a tertiary circuit 
in stationary quadrature position to the primary circuit,' with a 
single-phase e. m. p. impressed upon the primary circuit and the 
motor at standstill, a voltmeter in the condenser circuit shows no 
voltage at all, that is the condenser is neitlier in consonance rela¬ 
tion nor in any other w^ay induced by the primary circuit. Only 
when the motor begins to rotate, voltage and current appear in 
the condenser circuit, increasing with the speed, and induced by 
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tlie secondary ciu’rents flowing in the short-circuited revolving- 
armature, which as I have explained, are carried by the rotation 
more or less into quadrature position to the impressed circuit, and 
thus into inductive relation to the tertiary or condenser circuit. 

This difference is very important and essential, since it makes 
the operation of the condenser independent of the wave shape of 
the primary e. m. f. Whatever ina^^ he the wave shape of primary 
impressed e. m. f., the magnetic flux interlinked with the secon¬ 
dary circuit is absolutely constant and uniformly rotating, since it 
passes the short-circuited low resistance secondary winding, and 
since only the secondary magnetic flux can reach and induce the 
condenser circuit, the E. M. F. induced in the latter is a perfect 
sine wave irrespective of the wave of primary impressed k. m. f. 

The term admittance ” is nothing new, but was intro- 
duced by me years ago in denoting the reciprocal of ‘^imped¬ 
ance.” 

With regard to the liability of excessive rise of voltage and 
the need of carefully adjusting the condenser capacity, this does- 
not exist with the condenser in the tertiary circuit of the induc¬ 
tion motor. 

While the general rule is to use a volt-ampere capacity of con¬ 
denser equal to the volt-ampere input of the motor running lights 
no need exists of being so particular about the amount of con¬ 
denser, but no harm results if you put 50^ more or less condenser 
in circuit. With the right amount of condenser we get 100^ 
power factor. By using 50^ more we perhaps get 95% power 
factor, somewhat more starting torque, and a slightly leading 
current, and with 50% less condenser perhaps 95% power factor, 
somewhat less starting torque and slightly lagging current. 

Yery careful adjustment and excessive rise of voltage are 
features incident to the use of capacity in series to inductance. 
But there is an essential difference between capacity in series and 
capacity in shunt, as pointed out some years ago byMr. Wm. 
Stanley and me. 

Capacity produces leading currents. Thus, if you connect a 
capacity in shunt to a circuit with lagging current, as an induc¬ 
tion motor, whether directly or through transformer, the lagging 
current is reduced by as many volt-amperes as the condenser 
gives leading current, but no rise of voltage occurs. 

If the volt-amperes condenser are equal to the lagging volt- 
amperes of the circuit, the latter will be entirely compensated 
and disappear ; if less condenser is used, some lagging current 
remains; if more condenser, some leading current remains after 
neutralizing the lagging current. 

This feature I use in the induction motor. The lagging com¬ 
ponent of induction motor current is neutralized by the leading 
current of the condenser in the tertiary circuit, and thus dis¬ 
appears more or less completely. As easily seen, no great ac¬ 
curacy of adjustment is needed, but 20% condenser more or less 
does not change the power-factor noticeably from unity. 
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Different it is with the use of the condenser in series to an 
inductance. By inserting a capacity reactance equal to indue- 



Output—Watts. 

Fig. 16 . Induction Motor. X/oad curves. Capacity Reactance in Secondary, 

= .2 

= —.3i r = .on-.ii. 

tive re.actanee in series, the e. m. e. of self-induction is balanced 
against that of the capacity and the total impressed v. m. e. re- 
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mains available for sending current through the resistance of 
the circuit. Thus the current rises excessively, and correspond- 
ingly the voltage, but capacity and inductance have to be ad¬ 
justed to equal reactance, v^ith great accuracy. This is the 
arrangement where capacity causes excessive voltages and great 
accuracy of adjustment is required. But it has nothing what¬ 
ever to do with the use of capacity to compensate for ^lagmio* 
currents. 

Regarding Mr. Bradley’s experiments on using three-phase 
condensers in the secondary of an induction motor, I have been 
very much interested therein and have theoretically investio’ated 
It some time ago. " ^ 

One objection is that its application is limited to a sine wave 
01 impressed e. m. f., since no short-circuited secondary exists 
but the condenser in the secondary tends to intensify the higher 
harmonics. 

Another objection is the very krge size of condenser required 
many times larger than with the use of condenser described by 
me, especially if you want to run up to near full speed. At 
one-half speed about twice as much, at three-fourth speed four 
times as much capacity is required as at standstill, since the fre- 
quency impressed upon the condenser is that of slip. 

^ With a given capacity in the secondary circuit, the motor 
gives a large torque at a certain intermediary speed, depending* 
spee^^^^ torque above and below this 

The load curve of such a motor of constants : 

Zq ~ Zx .l-.3y 

To = *01 + .ly, 

and capacity reactance: 


per secondary circuit, is shown iir Fig. 16; the speed cuiwe for 
the two values of capacity reactance: 

h = .2 and h = 1.0 

in Fig. 17 while Fig. 18 gives the speed curve of the motor for 
constant torque T = 4800 synchronous watts, and variable 
capacity reactance. 

This is the same motor of which the curves as three-phase 
naotor and as single phase motor under the different conditions 

toZTissTL imP™™"* 

Me. Beadlet I have a large volume of actual work, obser¬ 
vations from motors of this kind, and with the permission of 
th^^lNSTiTUTE I will read a paper on this subject at a future 
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Me. Steinmetz : — I think that would be extremely interesting 
for the Teaks ACTIONS. I have investigated this matter theoret¬ 
ically, but there is no experimental work published in that 
line and undoubtedly the results would be of interest. 

De. Pupin : — There is one question which I would like to ask 
Mr. Steinmetz, and that is, I do notquiteunderstand why he con¬ 
siders the effect of that short-circuited secondary on account of 
its killing upper harmonics as so important, because as a 



^==.1—'.sy + .ly. 

Starting with Constant Torque 
r==4800 

And Variable Capacity Reactance in Secondary. 

rule the impressed electromotive force of the ordinary alterna¬ 
tors, such as are made by the General Electric and the 
Westinghouse Company, when they are not simple harmonics, 
have complex harmonics which are comparatively speaking, 
weak in comparison to the fundamental. I do not know of a 
case that is a very serious exception to that rule. Well, the 
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fundamental will do the principal work if you allow it fo 
Now if you use a tertiary circuit, or a secondary circuit for that 
matter, with a condenser in it and you give that_ condenser^ the 
proper capacity to assist the fundamental of the primary, that is a 1 
which you need do. W^ho cares what the other harmonics will 
do ? Because they are not so very important anyhow, and you 
are simply working as if the upper harmonics were not_ present 
at all. Everybody knows that you can treat all these indepen¬ 
dent components entirely independently; treat each one hy itself 
as if the others were not present. So that even if the upper 
harmonics are there, in the tertiary circuit, provided the capa¬ 
city is such as to assist the fundamental and not assist the upper 
harmonics, I think the circuit will work just as well. The capa¬ 
city introduced there will not help the upper harmonics to devel¬ 
op an undesirable current there. It will simply assist the funda¬ 
mental. Of course, I would like Mr. hSteinmetz to point out 
more particularly the importance of watching the upper har¬ 
monics, but I do not really see the importance of it.^ 

Mr. Stetnmrtz:— It is true the motor will run ]ust as well 
with the higher harmonics present. It will run also without 
condenser if once started. JBut without condenser it iiins with 
poor power factor due to excessive lagging currents, and the 
main object of the condenser is to compensate for these lagging 
currents 

As I have shown, however, in the paper, it does not take 
much distortion of wave shape to produce so much current ot 
liigher frequency in a shunted condenser, that in spite of the 
elimination of the fundamental wave of lagging current the total 
current actually increases, that is the power factor drops by the 
insertion of the shunted capacity. We must consider that the 
current in a condenser is proportional to voltage and to fre¬ 
quency, thus for instance a seventh harmonic in the e. m. f. wave 
of only of the fundamental, produces in the condenser a 
seventh harmonic of cui-rent of 7 X 10. or 70^ of the funda¬ 
mental. . J! , 1 i 

As a rule, due to the self-inductive reactance oi tlie^ trans¬ 
former or compensator feeding the condenser, which is also 
proportional to the fre(][iiency, the higher harmonics of cuneht 
are still further increased. Thus, for instance, it is nothing un¬ 
usual when connecting a condenser across an alternating circuit 
to find that it takes two or three times as much current as cal¬ 
culated from capacity, frequency and voltage, and to measure 
the capacity of a condenser from volt and ampere readings, it is 
necessary to insert in series to the condenser a very high resist¬ 
ance or inductance to eliminate the effect of the higher harmonics. 

I am somewhat inclined to suspect that the distortion of the 
curi'ent wave which Dr. Tupin observed in his condense^ tests 
and attributed to a kind of dielectric hysteresis, was nothing but 
the higher harmonics of current produced by the higher harmonics 
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of the impressed e. m. f., the latter being too small to be directly 
observed, while when multiplied in the condenser they were 
noticed. 

Dr. Pxjpiiq-;—That is the first thing a man ought to think of 
when he gets distorted current, whether that is not due to the 
presence of upper harmonics in the impressed electromotive 
force. To overlook that, of course, would be a very serious 
error on the part of a man who knows anything about experi¬ 
mental work. In the first place I analyzed that alternator a 
year and a half or two years before that, in 1894, and I 
knew exactly that the fundamental was very, very much larger 
than the upper harmonics. In fact of the upper harmonics there 
was only one that arnounted to anything at all and that w^as the 
third harmonic which was a very small percentage of the fun¬ 
damental. I have forgotten now, but it was something like one 
per cent. How if this current were due to the presence 
of the upper harmonics, the shape of the current curve would 
not depend upon the voltage at all. It would remain just the 
same no matter whether you have a small voltage or a large 
voltage. TV^ell now, as a matter of fact, the shape of the current 
depended very much on the voltage. It shows that as we in¬ 
crease the^ voltage, of course, the leakage and the specific induc¬ 
tive capacity will increase, and, of course, the deviation of the 
current from the simple harmonic form will increase much. 

ihe next point is this : Mr. Steinmetz says that if you intro¬ 
duce a condenser in the presence of the upper harmonics you 
get very large condenser currents, that is so large that the con¬ 
denser current in the fifth harmonic is just as large as that of 
tlie fundamental. That T do not admit for one moment. I 
think if you arrange your condenser properly, say that the fun¬ 
damental of the impressed electromotive force is six times as 
large as the fifth harmonic if you would arrange your condenser 
properly, the fundamental current ought to he not only six times 
as iai-ge but at least thirty times as large as the fifth harmonic— 
at least that. The arrangement is ineffective if you do not get 
as much effect as that. 

Mr. Bradley:— It all depends upon the adjustment of the 
condenser and inductance. If they are adjusted for funda¬ 
mental, even the third harmonic is clioked-out, especially if it is 
in the secondary. In order for these motors to work well, the 
adjustment should be very nicely made; that is the condenser 
and inductance should be adjustable for what Dr. Pupin calls con¬ 
sonance if it is in the secondary ; if it is in the primary it ought 
to be for resonance. If it is in resonance for the fundamental 
the ciii'rent is almost entirely choked out for the third or fifth 
or any other harmonic. Only the fundamental is augmented. 
The others are dampened. 

Mr. Stehstmetz : — In the last discussion Dr. Pupin and Mr. 
Bradley have been speaking of something entirely different 
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from what I am using. I referred to capacity in shunt to t le 
laegine; circuit, while their remarks apply only to capacity in 
series to inductance with its inherent defects of excessive voltage 
rise and excessive care of adjustment. 

Series capacity was tried by Mr. Wm. Sta,nley sorne years 
ago, but given up as commercially impracticable, since tlie 
unavoidable variations of frequency in commercial circuits are so 
large as to throw the adjustment between capacity and inductance 
out of balance. Thus any attempt at using senes capae^y must be 
doomed to failure, except when used as by_ Mr. Hradley m 
a movable secondary circuit, which adjusts its frequency to 
that of balance between capacity and inductance. _ 

With shunted capacity as the only way in vvhieh _ capacity 
can be used practically, there is no adjustment for this or tha 
harmonic, but each harmonic takes current in proportion to 

its E. M. F. and frequency. . . i 

Regarding Dr. Pupin’s remark that the generator for such 
induction motor should not give any higher harmonics, we 
must consider that in single phase circuits, mostly small ana 
medium size systems of 125 cycles, the motor load is an in¬ 
cidental feature only, which while quite desirable is not ot 
sufficient importance to warrant the installation of a type ot 
generator which increases the continuous loss of energy in 
the transformer cores hj something like 10 ^. btill less can i 
be expected to throw oiit the existing generators and install 
new ones to accommodate a few induction motors, iiius,the 
problem of the single-phase induction motor is to build 
so as to run satisfactorily, with higher power factor and lair 
efficiency, on such e. m. f. waves as given by the existing 

single-phase systems. , t x* 4 . 1 , 

Regarding Dr. Rupiffis observation that the shape ot the 
current wave impressed upon a condenser changes with the 
impressed voltage, this rather tends to point to ray explana¬ 
tion, of these higher harmonics of current being due to higher 
harmonics of the impressed e. m. f , since when changing the 
voltao’e by changing the excitation of an alternating cunent 
genemtor, usually the shape of the e. m. f. wave, that is the 
relative values of its harmouics vary more or less. 

De. Pupin:—T hese harmonics were studied with very great 
accuracy. I used the resouauce methods^ of analysis. W® 
could detect as much as the fifteenth harmonic by the use 
telephone. But with an accurate voltmeter we could not detect 
anything beyond the third, all the others were too small. 
About that adjustment for the fundamental and the upper 
harmonies, Mr'. Steinmetz says that if you use a condenser in 
the secondary circuit that you do not get these^ rises ot cur¬ 
rent so much, that simply all you have to do is to compen¬ 
sate for phase. To be sure that is very true. You do not get a 
rise in the primary current. The primary current is only attected 
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With regard to its phase. But the circuit which contains the 
condenser, that current increases very much, and if you ad¬ 
just your capacity^ there so as to produce a very large effect 
upon the phase of the primary current, then the current in 
the tertiary or secondary circuit containing the condenser will 
be very large. That is my point. It must be so. Plow 
otherwise could a few turns in the secondary circuit with a 
condenser in it produce a large effect on the phase of the 
primary unless you had a very large current in that secondary, 
ihat phase effect is only produced by the counter-magneto force 
being produced there. If you want to produce there a suf- 
nciently strong counter-magneto force with a few turns you 
must necessarily have a large current. 

Mr. Steinmetz :—The object of the condenser in the in¬ 
duction motor is to produce a minimum current input, that is 
approximately 100^ power factor, by compensating for the 
wattless magnetizing current of the motor. In this case the 
amount of capacity required is moderate and the current in the 
condenser circuit is correspondingly small. There is indeed a 
second value of capacity giving 100^ power factor with max- 
irnum current input, in balancing the internal self-induction 
of the motor. 

In this case an excessive rise of voltage occurs. This case 
takes some 10 to 20 times as much capacity as used, and causes 
currents to now far beyond the heating limit of the motor 
and thus is of no practical importance. ^ 

Be. Pupin:-I have investigated that point. I call that 
the second critical point. _ That is not the point at which you 
wol , You work at a point where you know the current will 
remain small in the primary circuit. 

Me. Steinmetz The actual condition of the motor corres¬ 
ponds to what Br. Pupin calls the “ first point of consonance,” 
blit as I pointed out when Br. Pupin published ids investW 
tion some yeara ago, the introduction of the term consonance 
tor both critical points is very unfortunate, since it combines 
entirely different phenomena in one name and thus leads to mis¬ 
understanding and confusion, as to-day’s discussion has shown 
again. 

[Adjourned.] 
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A note presented at the 140th Meeting 0/ the 
A merican Institute of Electrical Engineers^ 
Neiv York^ February 28th^ IQOO. President 
Kennelly in the Chair. 


A FARADMETER 


BY M. I. PUPIN. 


The art of measuring the capacity of a condenser has not yet 
reached that stage of perfection which can be justly claimed for 
the resistance measurement. The prevailing method is the bal¬ 
listic galvanometer method. Leakage and absorption can and 
often do introduce serious errors into this method. These errors 
can be reduced to any desirable limit by employing alternating 
currents of appropriate frequency. 

This was the principal consideration which led to the con¬ 
struction of the faradmeter which forms the subject of this note. 
In addition to this consideration, which concerns the accuracy, 
there is another very important consideration which must be 
taken into account and that is the convenience of the method 
and the cheapness and durability of the apparatus to be employed. 
Much of the capacity measurement work, especially in connection 
with telegraphy, telephony, and the construction of alternating 
current machinery, has to be done under conditions under which 
it is quite inconvenient to employ the ballistic galvanometer. I 
believe that the faradmeter described here will be found to an¬ 
swer quite satisfactorily all reasonable requirements as regards 
convenience. 

The theory on which the construction of this meter is based is 
very simple, as follows: Let x y (Fig. 1) be a conductor through 
which an alternating current flows. d is a condenser of known 
capacity and e is a condenser of unknown capacity ; f is a diff¬ 
erentially wound telephone. Connect as indicated and adjust 
the resistances a n and b c until silence is obtained in the 
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telephone. Then capacity of d : capacity of e :: resistance of 
B c : resistance of a b. It is understood, of course, that the 



Fig. 1. 

resistances a b and b c are non-self-inducti^e and that the 
capacity reactance of each condenser is in its own circuit by far 
the greatest element of the impedance. It will ])e seen presently 
that these conditions are fulfilled in the apparatus shown in Fig. 2 
which our fellow member, the well-known mechanician, Mr. 
Baillard, constructed for me and employed in some work which 
he has been doing for me during the last two months. 

In Fig. 2, A is a cell which feeds into the primary b of a small 
induction coil provided with an interrupter such as is used in 


G 



electrotherapy. The secondary c is connected to a row of resist¬ 
ance coils E and l. These resistances are arranged in conven- 
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ient steps as indicated. The resistance coils l have in addition 
several equal lengths of manganin wire f stretched over a gradu¬ 
ated scale. The resistance of the coils as well as of the manganin 
wire is carefully calibrated once for all. The condenser h is a 
carefully constructed mica condenser of known capacity. a is 
the condenser the capacity of which is to be determined. i is 
the differentially wound telephone. The approximate adjust¬ 
ment is accomplished by the plugs which control the resistances 
E and L, and the final adjustment is made by the manganin wire 
by a sliding contact f which varies the length of the manganin wire 
to be introduced, and therefore varies the drop which acts on one 
of the condensers. With ordinary frequencies, capacities up to 
several microfarads can be determined with an accuracy of a 
small fraction of one per cent, easily and rapidly. 

It is self-evident, of course, that in place of the differentially 
wound telephone i, we can use an ordinary telephone and place 
it in the bridge which connects a point between a and h to a 
point between the resistance coils e and l. The conditions of 
balance are the same as in the method employing the differen¬ 
tially wound telephone. In many practical cases this second 
method is preferable. 

Mr. Baillard has experimented quite a great deal with a farad- 
meter of this kind and is better prepared to go into details of 
tho apparatus and the method than I am. 
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Discussion. 

The Pbesihent: —The apparatus which is before you repre¬ 
sents a means for measuring capacity as a shop instrument, or as 
a swiftly measuring engineering instrument, contrasted with the 
older method of galvanometer work, and introduces the peculiar 
idea that the capacity of a condenser, as measured in accordance 
with its commercial use in alternating current phenomena, may 
be somewhat different from its capacity as measured according 
to the ordinary definition and in the ordinary way. In other 
words the capacity, as defined by the charge per unit of pressure 
applied at the terminals, is not exactly the same in every practi- 
tical case, as the capacity of a condenser determined by its impe¬ 
dance to the flow of alternating current, and in this case the im¬ 
pedance method is represented, which is very swift, and no doubt 
supplies a very great want in workshop practice. Of course the 
same plan of measuring capacity by means of alternating cur¬ 
rents is not entirely new, but the apparatus which is before us 
possesses very interesting features. 

Mr. Carl Heeing: —i would like to ask Dr. Pupin whether 
the result obtained by such a measurement of a capacity would 
be likely to be different from that obtained by the usual method, 
and if so about how much might it differ. 

Dr. Pupin: —I know that there is a difference, and I never 
had much confidence in capacity measurements of paraffin con¬ 
densers. With the ballistic galvanometer method tlie differences 
will depend, of course, on the experimenter. It may be large, 
or it may be small, depending on what precautions you take. 
The other day Mr. Baillard and myself took a condenser made 
by a manufacturer whose name 1 do not care to mention. It 
was sold for a one-half microfarad standard; we used it as such. 
Mr. Baillard made a lot of condensers for me and measured 
their capacity in terms of this standard. We began to suspect 
the standard, and I put in a slight protest against it. Then we 
determined it in terms of another standard by the method 
described this evening, and found it forty per cent. off. But if 
its capacity was determined by the ballistic galvanometer, it 
could be made to read all right. Now the reason for that was, 
we found afterwards, that it had too much leakage. The insula¬ 
tion resistance was only 250,000 ohms. Well, of course if we 
have an insulation such as that, and determine the capacity by 
the ballistic galvanometer method, we may get anything for 
capacity. I know it as a matter of fact that paraffin ^condensers 
may have considerably smaller capacity when determined by 
alternating currents than the capacity obtained by the ballistic 
galvanometer; but I am not prepared-to say exactly how much. 
But I certainly am prepared to say that in many cases it is more 
than good engineering practice ought to permit. If the paraffin 
condenser is made in the most careful way, under a vacuum, 
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teated, and so forth, so that it contains no air and no moisture, 
and other imperfections, then it would be all right. But if a 
paraffin condenser is made in the old-fashioned way, without any 
modern precautions being taken while being manufactured, then 
the difference can be certainly over five per cent., and that is 
more than good engineering practice ought to permit. 1 do not 
think that these precautions have to be observed as rigidly in the 
manufacture of niica condensers, or condensers made of hard 
rubber, where the insulation is very high, and the specific induc¬ 
tive capacity does not vary much with voltage; but in paraffin 
paper it makes quite a difference. 

Louis Duncan: —May I ask wffiether the question of 
capacity—ten per cent.—is not a question between absorption 
and the treatment of condensers. Y ou may make a paraffin con¬ 
denser, and the question about what its capacity is, is a question 
of absorption largely, also of manufacture of the condenser. It 
might vary not only five per cent, but 25. 

Dr. Pupin:— It may be anything at all, where there is much 
leakage current. 

^ Dr. Duncan: —So that capacity is not so important as the 
history of the condenser ? 

Dr. Pupin: —The history of the condenser exactly. It may 
be anything. You cannot tell what it is going to be, voltage 
leakage, etc., have to be taken into consideration. 

Mr. Townsend Wolcott: —I would like to ask if this current 
used was simply an interrupted current. 

Dr. Pupin : —An alternating secondaiy, produced by an 
interrupted primary current. Where there is an alternating 
current it would be very much better to dispense with the buzzer 
of the faradmeter and use the alternating current. The other 
day I was down at the New York Telephone Building, and I 
inquired about the capacity of the cables, in which something 
like vulcanized rubber was used for insulation, and I was told it 
was so and so much per mile. J said : Are you sure about that ? 
They said : We are not sure at all. We determined it by ballis¬ 
tic galvanometer, and we do not knowhownearwe are to the true 
capacity. Although methods of the class to which the method 
described this evening belongs are not, I suppose, altogether 
new I do not think they are; they are too self-evident to be 
new but the fact is that nobody has reduced them to practice. 

Mr. Charles S. Bradley Do you think that a cable would 
take its charge quick enough to be treated the same as a con¬ 
denser ? 

Dr. Pupin :—Well, the cable should not be allowed to take its 
charge in the ordinary commercial sense—that is to say, the 
cable should not be given time enough to soak in its charge. 

Mr. Bradley : —But if it is a long cable, it will take some time 
for the charge to reach the other end. 

Db Pupin :—Oh, yes. You mean the distributed capacity. 
Thirty periods mean six thousand miles wave length, very 
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roughly. Up to 300 or 400 periods per second there would 
be no trouble. You could take a cable of 300 or 400 miles 
length and determine its distributed capacity ]U8t as it it were 

an ordinary condenser. . t 

Me. Gael Heeing It seems to me this method is especially 
applicable for measuring a capacity under the very conditions 
under which it is to be used in practice, and it therefore has 
some advantages over the ballistic method. The frequency of 
telegraph, telephone or power currents are quite diiierent trotn 
eacf oth4r. I should imagine that with this method different 
results would be obtained with different frequencies, and _in 
measuring the capacities of cables or any other apparatus, tne 
frequency of the current used for the test might be made equal 
to that with which the apparatus is to be used in practice, as, tor 
instance, those for telegraphic, telephonic or povrer purposes. 
The virtual or effective capacity for that particular frequency 
might therefore be determined more reliably in this way than by 

the usual ballistic method. _ 

I)e. Pupin :—Different frequencies and different potentials-- 
the capacity of the paraffin condenser depends to some extent 
on the difference of potential applied to it. . • 4.1/19 

Me. Heehstg:— Could you use different voltage in this method j 
De. Pupin Yes, you can. 

Me. Heeiug -.—Provided the resistance will stand it. _ 

De. Pupin Oh, yes. Well, that is simply a question ot 
spending money to get the proper resistances. 

De. Duncan':— It would not affect anybody here. 

De. Pupin: The companies interested in capacity measure¬ 
ments have money enough to spend for things of this kjpd. 

Me. II. D. Reed:— As I understand Dr.Pupin, a ballistic pl- 
vanometer has given satisfaction where the insulation was high 
and steady. Well, you take a cable, any that a telephone com¬ 
pany would have, would not be over a mile m length ; most ot 
them are much shorter. Now, the resistance of those rubber 
cables, as a rule, will run from 1,000 to 2,000 megohms per mile. 
In a short length of cable where your resistance was several 
times that, I do not see why the ballistic galvanometer would 

not be all right. . , . , ai 4.- ... Uoo 

De Pupin •_ I did not say insulation alone. Absorption has 

to do with it, too. You have got to take that into consideration. 

The Peesident : —If there is no further discussion of this 
paper, we will pass to the next, which is entitled “ Notes on 
Electric Traction Under Steam Railway Conditions,” by Mr. 

Edward C. Boynton. 

Mr. Boynton read the following paper: 
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j!^OTES OlSr ELECTEIC TKACTION UNDER STEAM 
RAILWAY CONDITIONS. 


BY EDWARD C . BOYNTON. 


On many of the large steam railroad systems in the United 
States, there are certain sections which present the most faYor- 
able conditions for the substitution of electricity for steam as a 
motive power. 'These conditions are the result of increasing 
density of population, and mean that better and cheaper trans¬ 
portation facilities are needed by the public than are provided by 
the steam road. 

The electric street railroads quickly took advantage of these 
conditions, and by building lines more or less parallel to the 
steam roads, soon acquired a large share of the local passenger 
tratBc. The fault with the steam road was not that the motive 
power was steam, but the fare was too high and the train service 
too infrequent. The whole question of the substitution of elec¬ 
tricity for steam hinges upon that one point. 

In order to provide satisfactory transportation facilities, the 
steam road must double or quadruple the number of its trains, 
and reduce the fare to at most one cent per mile. When there is 
sufficient density of population, this will surely cause a large in¬ 
crease in the number of passengers carried. This increase is due 
principally to the fact that many people who could seldom afford 
the expense of traveling would then make frequent trips. It is 
very doubtful whether the greater number of steam trains can be 
operated at a sufficient profit with the low fare. Here, then, 
comes in the change in motive power, with the sole purpose of 
decreasing the operating expenses. 

I wish to call attention to two classes of local passenger traffic 
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wliicli should be considered as distinct from each other. The 
suburban traffic of a large city is well understood, and its char¬ 
acteristics are usually such as would make the change from steam 
to electricity profitable. The low fare will induce a part of the 
population to make their homes in the suburbs, and thus increase 
the travel. JBut vrhere there are competing trolley lines, the 
steam road, which we will suppose has electric motive power, 
needs one more facility than those mentioned, and that is, high 
speed. Without that, there would be little advantage over the 
competing lines. 

It has been proved by experience that the speed must be at 
least as great as an average steam train, and there is no doubt 
that if the speed be made as high as the fastest steam express 
train, the popularity of the line would increase. It is well-known 
that the business man who desires to travel from one city to 
another, or to and from his residence and his place of business, 
candot be carried there too rapidly. It would probably surprise 
the average passenger on one of the fast steam express trains to be 
told at a certain time that he was traveling 70 miles per hour, 
and yet such speeds are reached every day, for short distances, 
over a straight, level track. 

The other class of traffic referred to is that existing between 
cities and towns in close proximity. Let us assume a ease as an 
example. 

In a certain densely populated manufacturing state, there is a 
city larger than any other within fifty miles radius. 'Within 
that radius are several towns and small cities not over twenty to 
thirty miles from the larger city. These are connected by the 
steam road, which maintains what is considered a reasonable train 
service, and one that is as fre(juent as the traffic seems to demand, 
at the rate of fare charged, which is from two to two and one- 
half cents per mile. The trains are quite heavy, nearly always 
fully loaded, and are run from two to three hours apart. To¬ 
gether with its freight traffic, such a road pays well, judged from 
the steam road’s standpoint. Suppose that electricity be substi¬ 
tuted for steam in that section, and a train service consisting of 
two, or three car trains riinning every half hour from^each end, 
with a maximum speed of fifty to sixty miles per hour, and the 
fare reduced to one cent per mile. There is no doubt in the 
minds of those who have watched the development of such 
cases, that the increase in traffic and low operating expenses 
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would result in a far greater profit than was ever earned by that 
section of the road. It is well-known that such conditions exist 
on our steam railroads in many localities. 

It has been said that the steam roads will begin by equipping 
their branch lines with electric motive povver, and little or noth¬ 
ing is heard of the equipment of the main trunk line. It is nec¬ 
essary to define what is meant by a branch. In a large system 
som<'i branches are 100 miles long and may be double tracked j 
others are from six to forty or lifty miles in leiiiz;!!!. In the as¬ 
sumed case described above, the conditions may exist on one of 
the large branches or even on the main trunk line, which may 
have four tracks. It should make no difference in deciding the 
question of equipping the part of the system which possesses the 
desired conditions, whether it is on a branch or a part of the 
main Hue. It should be fully understood that no steam railroad 
will ecjiiip any portion of its lines, except with the provision that 
nothing shalf be done which will prevent the running of steam 
and electric trains over the same track. 

A well known authority, nearly five years ago, mentioned the 
possibility of the equipment of one or twmof the tracks of a four- 
track trunk line by electricity, to carry the local traffic, and stated 
that the two tracks equipped should be those used by the freight 
trains. At the present day that does not seem advisable, for the 
reason that the speed of the electric trains must be equal to that 
of the steam express trains, and the slow moving freight trains 
would seriously interfere with the electric schedule. But it is 
unlikely that any steam road will equip a part of its main trunk 
line until it has satisfied itself, as to financial results, by giving it 
a thorough trial elsewhere. 

The reduction of fares combined with the use of open cars 
during the hot summer months, produce a class of passengers 
which formerly used tlie electric street cars. These have been 
called the pleasure riders, and they furnish a considerable pro¬ 
portion of the receipts. Experience with open car trains has 
shown that speeds of 30 to 35 miles per hour are the maximum 
which should be used, on account of the discomfort caused by the 
wind pressure created hy the train. 

The Question of Equipment. 

The questions, how much will it cost to equip a given service 
to be operated by electricity ?—and how much will it cost to 
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operate it ? are frequently asked. The electrical engineer is now 
in a position to answer both these questions with great accuracy. 
The experimental stage has passed, and suflGicient data is at hand 
to give all the information needed. It must be realized timt the 
operation of a steam railway by electric power introduces many 
conditions which do not exist in the transportation ])rob]em 
within a great city, such as are operated bj^ the elevated or sur¬ 
face street railroads. There are no restrictions on speed or 
weight of trains. Rapid acceleration is not of so much import¬ 
ance, for the stops are much further apart. The trains must be 
operated under steam rules absolutely, and the whole equipment 
must comply with the laws relating to steam railway trains. 
The railway company contemplating the equipment of a part of 
its system with electric motive power has the choice of several 
methods which should be closely studied to determine which is 
best suited for the service it is proposed to operate. 

These methods are : 

First: The purchase of electric locomotives of sulScient power 
and weight to haul its standard passenger coaches. 

Second : The equipment of a number of its standard coaches 
as motor cars. 

Third . The purchase or building of a sufBcient number of 
special light passenger coaches, some of which are equipped as 
motor cars, and the withdrawal of its standard coaches entirely 
from this service. 

Fourth : Shall freight be hauled by electricity or steam ? 

^ The use of electric locomotives for the purpose under con¬ 
sideration depends upon several conditions. If the travel is 
heavy,that is 2,000,000 passengers per year and upward,the service 
frequent, the speed high, requiring an average train of four cars, 
and, as may be the case, the same coaches must go much further 
than the electric service extends, hauled by steam, it is advisable 
to use the electric locomotives hauling standard coaches. Their 
principal advantage lies in their ability to perform the work of 
a steam locomotive in every respect, and this is frequently a 
strong point in their favor with the railway managers. They 
are^ thus able to accommodate themselves to congested traffic 
which usually occurs on holidays and possibly at certain times 
every day, by simply increasing the number of coaches hauled 
as is the practice with steam locomotives. Such locomotives 
should weigh from 100,000 to 150,000 pounds, should have 
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eight wheels and four motors, so that the total weight is avail¬ 
able for traction. They must be provided with sufficient power 
to haul at least double the average train without over-heating. 
They must not only be able to perform the work of a steam 
locomotive in the same service, but should do it at a faster 
schedule speed. The rapid acceleration of a train hauled by 
such a locomotive enables it to perform the above duty without 
any increase in the maximum speed. In switching cars, the 
ease and rapidity with which the electric motor can be handled 
is a great advantage. 

It is necessary to equip these electric locomotives with the best 
automatic air brake system that can be obtained, for several 
reasons. They must operate the existing brake system on the 
coaches as well as the steam locomotive does. The law requires 
automatic brakes and a whistle. An independent motor com¬ 
pressor with a large main reservoir is therefore almost impera- 
tive. 

The cost of repairs on an electric locomotive should be exceed¬ 
ingly low, possibly 10^ of that required by a steam locomotive 
on account of the fewer moving parts and the entire^ absence of 
the boiler and its necessary equipment. 

The fact that an electric locomotive requires but one set of 
controlling and air braking apparatus is a distinct advantage over 
other methods of employing electric motive power. This is 
evident, not only in the first cost but in the fewer parts to be 
cared for. 

The second method of applying electric motive power to an 
existing steam railway; the equipment of standard coaches as 
motor cars, will appeal to all steam railway managers as the 
cheapest and most convenient way to make the change. This 
method has strong arguments in its favor. 

The motor car carries its own paying load and during the 
hours of light travel can be run light, without hauling other 
coaches. A standard coach equipped with two motor trucks and 
four motors will haul nearly as many coaches as the electoic loco¬ 
motive above mentioned and weighs 100,000 lbs. ^ It will easily 
handle five coaches making a six car train weighing loaded 
450,000 lbs. I believe that the power consumed per passenger 
carried in a train hauled by an electric locomotive will be less 
than if all the cars were motor cars, whether run singly or in one 
train. 
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Let us see exactly what must he done to a standard coach to 
equip it as a motor. 

In most cases the conditions will be found to be such that 
three or four car trains with a proper schedule will be sufficient 
to take care of the maximum traffic. This necessitates only two 
motors for the coach. These should both be mounted on one 
truck, and this truck complete with motors will have to be pur¬ 
chased and used to replace one of the standard trucks. The 
motor truck should be built especially for the purpose, a heavy 
steel truck, 36 to 40-inch, steel tired wheels, brakes of the type 
that do not require brake-beams, springs botli elliptic, and equal¬ 
izer of sufficient strength to support the weight of half the car 
body with maximum load, and this means all standing room oc¬ 
cupied. The size and general design of the axle in the motor 
truck must be carefully considered. The author does not believe 
that steel axles h" minimum diameter between wheels, are 
safe. ^ It may be that in calculating their strength and con¬ 
sidering the enormous strains which they must withstand, the 
result appears satisfactory, but experience shows that the ex¬ 
cessive vibration at high speeds will cause crystallization of the 
steel and a high factor of safety must be employed. 

The wheel journals should be at least x 9", and the diame¬ 
ter of axle between wheels H", with a larger diameter through 
the axle gear. ® 


The wheel base cannot well be more than seven feet, on ac¬ 
count of the curves, but it is nearly all needed in order to obtain 
room for motors of sufficient ske. The motor should not be 
supported by the truck frame in any way. 

^ Steel bars should be placed at each side of the motors extend¬ 
ing from one axle to the other, and beneath them, just inside the 
wheels These should be suspended from lugs on the motor 
frame by suitable links as near the center line of each axle as 
possible. The backs of the motors can then be carried on these 
bars by means of other lugs on the motor frame and springs 
above and below the lugs. This method of motor suspension is 
rapidly coming into general use and it has many advantages. If 
motors should be damaged it is simply necessary to place another 
pair of wheels and axles with other motors in the same truck 
frame. The motor cars ride much easier, or practically the same 
as lefore they were equipped with motors, due to the fact that 
the jarring of the motors is not transmitted to the car body. 
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The motor car must be wired for, and furnished with a suit¬ 
able number of electric lights and heaters, which is a simple 
matter. The same thing must be done for the coaches it is pro¬ 
posed to haul. The latter should also be equipped with collect- 
ing shoes connected by a wire which terminates at each end in an 
electric coupler of sufficient capacity to supply the motors on the 
motor ear if necessary. The motor car is supplied with the 
regular air brake apparatus used by the road and piped as a 
steam locomotii e, except that the car is double ended and re¬ 
quires an engineer’s valve, gauge and other necessary parts at 

each end. . ... 

The independent motor air compressor, mam and^ auxiliary 
reservoirs, car wiring cables, main wires for collecting shoes, 
rheostats and electric couplers, all go under the car in addition 
to the standard equipment of a passenger coach. 

A small cab should be provided at each end for the motorman 
preferably inside the car, fitted with a front and side window 
which can be opened to their full extent. Here are^ located the 
air brake valves, the automatic governor^ and switch for the 

compressor, the motor controller, main switch, circuit breaker, 

electric light and heater switches. The bells or gongs, pilotsand 

^whistles at each end complete the list. 

A few words about car wiring may be of interest here. 

' The most careful work in wiring ears is very _ essential. _ The 
author believes that the causes of nearly all the fires occurring m 
motor cars can be traced to defective wiring. There is no reason 
why such wiring can not be made safe. Even if the insulation 
of wires and cables i.s of tlie best, they should be treated as bare 
wires, as the insurance underwriters say, and unskilled labor does 
not pay in this part of the work. The maze of iron pipes, rods 
and braces, under such ears, render it necessary to project the 
wires from rubbing or chafing with the utmost care. It must 
not be taken for granted that the pipes, etc. remain in one posi¬ 
tion when the ear is under headway. The working and strain¬ 
ing of the car body, the swing of the trucks and brake rods and 
compression of springs must be carefully considered, and no care 
in protecting the wires however great can make them too safe. 
In trolley cars the removal of the pole from the wire will put 
out, or render a fire easy to control, but in such cars as are under 
discussion, I have not yet seen or heard of a method of cutting 
off the current at or near the contact shoes, though there may be 
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such. It is evident therefore how helpless a train crew is when 
called upon to put out a fire caused by a terrific arc under the 
car. It has been proved in practice that good ear wiring practi¬ 
ce ly prevents such accidents. Before leaving the equipment 

question, I will give some opinions on the performance of the 
motors. 

For such short distances, and the intermittent work required 
the modern railway motor seems well adapted. It can be over¬ 
loaded, 100^ frequently, without injury, for a short time. Most 
ypes of these motors have but one or two serious faults. One is 
ack of sufficient ventilation. During hot weather this be¬ 
comes a serious matter, and one that should be corrected by the 
manufacturers. The design of the axle bearing, is another.' In 

street car work, the plan of using a gun metal lining in halves, 

abrieated by grease or oil is fairly satisfactory, but where these 
b»amgse«h become 15" long aad 6J" diameter; at speed, of 
M tobO m.lesperhoar.tiieeonditiomare diffeieet, and while 

g.vmg httle h-oahle, the cost of repain, seems mtnecessarilv high 
Most of the motors are similar in design to the ordinary street- 

run in the mud and slush of a city street. On the other hand 
a steam roadbed is usually dry and clean, the motors are further 
above the ground, and water rarely fiies above the axle I 
would seem therefore that they could be more open on toj 

Th, ccn.tr: .it: 

I have had under my personal observation a considerable num¬ 
ber of such motors, some of which have been in servicroVer 
yeais, making a daily mileage of over 300 miles, and have never 
had one armature burn out. In one case a pair of motl wl 
in service eight months, including a winter. No repairs what 

mewal of .rmatarc and axle bMsses, gear, at pLon, 1,T 

d. trwitfT*'>«"<>«-tprbaate: 

dae m a. wear of the armatnro brm,,,. allowing tb. armatnr. 
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to strike the lower pole-pieces. This cause has been eliminated 
by making the clearance between the pole-faces and the arma¬ 
ture slightly greater, possibly at the expense of an increase in 
weight of copper on the held magnets, and with no apparent loss 
ill efficiency. 

The total weight of a 60-foot standard coach equipped as a 
motor car with two motors will be about 80,000 pounds, without 
passengers, of which 55.000 pounds is on the drivers or motor 
truck. The speed of such a motor car running light, if geared 
sufficiently high, is probably only limited by its weight and the 
quality of its track and road bed. With a stone ballasted track, 
100 -pound steel rails, few curves, and those of long radius, a 
heavy car with the best steel tired wheels should run 100 miles 
per hour at full speed without difficulty. 

I have mentioned a four-motor car consisting of a 60-foot car 
body weighing 100,000 pounds complete. This represents 
about 800 H. p. nominal rating of the motors at 650 volts direct 
current, and this is the maximum h. p. that can be placed under a 
standard coach, on trucks and wheels which do not necessitate 
any other changes in the existing standards of steam practice. 
The motors are capable of exerting double that power for a 
short time. The total cost of converting a standard coach into 
a motor car with two motors is about $3,800. 

The third method of using electric traction in steam service, 
that of the use of light motor cars and trailers, built for the pur¬ 
pose, has some advantages. The former coaches can be used 
elsewhere on the system as are the locomotives. The smaller, 
lighter cars are cheaper to construct, the wear on the track is less, 
and there is considerable economy in power. It has been pro¬ 
posed, and no doubt will come, that such cars will run through 
the principal street of a city, on the existing street car track, 
before starting on their trip over the steam track. This would 
necessitate either a trolley wire over the steam track, instead 
of a power rail, or both collecting shoes and trolley pole on the 
car. There is no question but that this may prove a great ad¬ 
vantage in time. On the other hand, the cars must be used 
exclusively on the line equipped with electric power. At speeds 
of 50 to 60 miles per hour which onust be made in order to com¬ 
pete successfully with the existing parallel trolley lines, the cost 
of maintenance and repairs due to the excessive vibration will 
undoubtedly be greater than that with standard coaches. 
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The economy in power due to the reduction in dead v/eight 
hauled is of considerable importance, not only on account of the 
smaller amount used, but the line conductors can be lighter, 
greatly reducing their cost, or the system can be extended to 
longer distances at no more expense for transmitting the power. 

In the future there may be a decided tendency to reduce the 
weight of electric trains. In other words, it will be an attenjpt 
to handle a constantly increasing traffic with a lighter equipment 
in order to haul less dead weight per passenger. The engineer 
who proposes to introduce such changes must move with the 
greatest care in order not to save the weight at tlie expense of 
strength. It should never be forgotten that the maximum load 
is no standing room,” that the strains on a car and its trucks 
running at HO miles per hour over a steam track which may be 
made of 70-pound rails with joints none too good, are not to be 
compared with such as are met with in a city street at low speed. 
An interesting problem in connection with a similar e(jnipment 
has arisen wdthin the last few years, and the time is rapidly ap¬ 
proaching when it must be solved. It relates to the difference 
between the wheels of street cars and the steam railroad coaches. 
Though both use the standard gauge of 4the avei'age 
street car wheel has a tread 24^' wide and a flange deep, 
while the Master Car Builders standard requires a tread 4^^ wide 
and a flange deep. The problem is a serious one, for it 
intimately concerns the safety of the train. The steam railroad 
people alter 5H years experience have settled upon the above 
standard, and the electrical engineer who choruses to ignore their 
experience in this, and in many other cases, runs a risk. There 
should be no doubt that it is unsafe to run the small street car 
wheels a,t high speeds over steam railroad tracks, with their pres¬ 
ent form of frogs and switches; and it is, in fact, impossible to 
run them on steel rails weighing 90 to 100 pounds per yard on 
account of the wide spaces in the frogs. Tlie question may be 
asked : Is it not safe to run such narrow wheels on the steam 
track if the latter be kept carefiill'y to gauge, and proper frogs 
for these w-heels are substituted for the existing ones?” If this 
is done steam trains can no longer run on the road, and, as it is 
necessary in order to round a curve at high speed with safety, 
to spread the gauge from to the danger is greatly in¬ 
creased. On the other hand, the Master Car Builders’ wheels 
cannot run an the existing street car tracks in our cities. The 
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flange is too deep for the frogs, the size of the groove on the 
inside of the straight rail is larger than the city authorities 
would sanction, and the outside portion of the tread would in 
many cases run on the pavement and crush it down to a level 
with the top of the rail. The only solution of the problem 
seems to be a compromise wheel with about Z" tread and 1 
flange. Whether or not this is safe, only time can tell. 

The fourth question, that of hauling freight by electric power, 
should, of course, be decided upon at the time of installation, as 
it may cause considerable difference in the plans for power 
stations and line transmission. As the question can only refer 
to local freight along the line electrically equipped, it is of doubt¬ 
ful importance as applied to the conditions under discussion. If 
the freight traffic on such lines be sufRciently heavy to necessi¬ 
tate the use of a locomotive for several hours daily during the 
hours between midnight and morning when there are few if any 
electric passenger trains in service, it is economy to use an elec¬ 
tric locomotive, for it costs but little more to run the power 
station, if it has been shut down, and the total expense would be 
somewhat less than that of a steam locomotive. The whole 
question of transportation of freight by electric power is one 
which concerns the future moie than the present. 

When the time arrives that long distances are electrically 
equipped on our steam railways, then it becomes far more im¬ 
portant. 

Power Transmission. 

Feeders :—The transmission of electric power forms tlie most 
important part of the problem of the electrical equipment of a 
steam roid. At the present day our railway motors all require 
the direct current, and we are therefore limited to its employ¬ 
ment in the working conductor. By increasing its voltage from 
that usually employed to TOO volts, a considerable advantage is 
at once gained, and without additional expense in motors or 
generators. Experience has shown that the economical radius 
of operation of a power station generating such a current and 
delivered to the line without feeders is from 10 to 12 miles. 
This refers to a heavy train service with a fairly frequent 
schedule, and an average load of 5(‘0 amperes on each radial 
line of single track. 

By the line or working positive conductor is here meant a steel 
rail of 90 to 100 pounds per yard, well bonded, and equal in con- 
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diictivitj to about 1,200,000 cm. of copper. The statement, 

without feeders,” maj be wondered at, and a few words of 
explanation will be necessary. 

It should be remembered that the conditions are very dilferenfc 
from a street or elevated road. There may be only two, or at 
most three trains running. The greatest fall in potential occurs 
when a train is leaving the further end of the line, and this may 
be somewhat less than | of a volt per ampere at that point, 
while the average efficiency of the line is over 75/^. Again even 
if the loss in the line becomes greater through an attempt to in¬ 
crease the number of trains, or to extend the line, the question 
of feeders depends almost wholly on the cost of fuel. If the 
interest on the cost of feeders is greater than the saving in fuel 
consumption effected by their use, and a satisfactory train 
schedule can be maintained without them, it cannot be in the in¬ 
terest of economical operation to provide them. It has been said 
that such feeders in connection with a so-called booster used to 
overcome the drop in the feeders, and a consequent decrease in 
their weight, are the most economical. Such an arrangement is 
undoubtedly cheaper as regards first cost, but I have seen no data 
showing the cost of maintenance and depreciation of these addi¬ 
tional machines, as compared with the cost of a feeder of suffi¬ 
cient weight to perform the work without the booster, and on 
which there is practically no depreciation. 'Whichever method 
is followed, the cost of feeders for such a road will reach many 
thousands of dollars, and railway managers will make the most 
rigid investigation of traffic conditions, present and prospective, 
before deciding upon such an outlay. 

The above statement should make intelligible the reason why 
10 or 12 miles is considered the maximum radius of operation of 
a station delivering 700 volts direct current. It is liardly neces¬ 
sary to add that a larger system extending over greater distances 
should be supplied by multiphase generators, and a high tension 
transmission line combined with the usual rotary converters, lo¬ 
cated at suitable points on the system. In the absence of a 
practicable alternating current railway motor, the above system 
is the only one—there is no choice. 

In regard to the most economical material to use as feeders, 
the extremely variable prices of both copper and steel, renders it 
difficult at present to come to a satisfactory decision, but with 
both metals at what we may call their normal * values, steel is 
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cheaper and more satisfactory. The author believes a proper 
feeder for 700 volts direct current should be made of flat steel 
bars about 1.'' x section, two of which are placed side by 
side, bolted together with alternated joints and sup¬ 
ported on edge in the slotted tops of small posts set in the 
ground at the side of the road bed, not over two feet high and 
boxed in. At grade crossings the break in these feeders must be 
bridged by either an underground or overhead connection. In 
yards and stations where there is a multiplicity of tracks it will 
be frequently necessary to carry them overhead for consider¬ 
able distances. Copper is of course used in such cases. 


The Working Conductor —In considering a train service con¬ 
sisting of heavy trains running at the speeds mentioned, the 
trolley wire as a working conductor will probably not come into 
general use, although it is used for such a service to-day. The 
cost of construction, maintenance and depreciation is greater 
than that of a third rail. It has few advantages, and many dis¬ 
advantages for such a service. It is now generally conceded that 
an insulated rail placed close to the track answers all require¬ 
ments,^ and the author’s experience shows that it is satisfactory. 
It is difficult to understand, however, why the common form of 
T-rail is so generally used for this purpose unless it is due to a 
desire to save money by using up old rails. A more inconve¬ 
nient cross-section for thorough and efficient bonding could 
hardly be selected. It will be admitted by all that this conduc¬ 
tor should be so bonded that when worked at its full capacity 
there should be no greater loss at the joints than elsewhere. 
There are a number of standard commercial forms of rolled steel 
which are no more expensive than T-rails that are well suited 
for this purpose. A form that will permit the use of one or 
more thin copper plates of ample area of contact held at the 
joints between a steel splice plate and the conductor by heavy 
pressure obtained by the use of a sufficient number of bolts, is 
an inexpensive and satisfactory bond. The rule that the bond 
shall be equal in carrying capacity to the conductor, and the area 
of contact equal to or greater than the cross-section of the conduc¬ 
tor is a safe one to follow. 


One question which has been studied with care is of great im¬ 
portance in this latitude, and that is the effect of ice on the con¬ 
tact surface, and how to get rid of it. Many experiments have 
been tried, and few can be said to have been successful. A fur- 
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thei- possible advantage of the use of some other form of rolled 
steel might result in the complete elimination of this trouble. 
I refer to the collecting shoes having a side or under running 
contact. This would allow the partial roofing over the conduc¬ 
tor bv wood, which would thoroughly protect it from the 
weather. 

Ordinary snow-storms and even blizzards do not interrupt the 
service. 1 have seen a storm which tied up nearly every wheel 
in a nearby State, but the electric service was the last to suc¬ 
cumb, and even then it was not on account of the conductor rail, 
or too much snow on the roadbed, but from a train running off 
an ice choked frog. It has been demonstrated that motor coaches 
equipped with proper steel brushes for the third rail and snow 
plows, can go through as much snow as an ordinary passenger 
locomotive. Their great advantage lies in the fact that they 
can run through deep snow slowly, due to the enormous torque 
of the series motors and the absence of rccipi-ocating parts. 
But wdien the temperature of the conductor rail is below 
freezing point, and it begins to rain, as is not infrequently the 
case, a coating of ice forms on the contact surface which closely 
resembles enamel, hlo mechanical method has been found to 
completely remove this. 

As to chemical methods, certain roads can and do use salt or 
brine. It is not considered advisable to salt the road bed of such 
a road as is under discussion owing to the danger of leakage 
should the track become flooded with water. When applied at 
the right time, an oil which does not solidify at a low tempera¬ 
ture is sometimes successful, but the diSiculty of applying it to 
the whole road at the proper time can be appreciated. 

Insulation :—The question of insulating the positive rail of a 
'fOO-volt grounded circuit has in actual practice been developed 
to such an extent that the results obtained are remarkable, to say 
the least. If such methods as are now in use had been pro¬ 
posed ten years ago, they would have been regarded as imprac¬ 
ticable. 

For years it was the custom to consider the ground a conductor 
of electricity. It was of course realized that the service rails 
must be bonded in some way, blit the ground was considered to 
be a great aid to the rails in returning the current. I do not 
propose to deny that this is true in a crowded city where there 
are thousands of tons of iron pipes buried but a short distance 
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beneath the rail?, but can we call this a ground return ? My ex¬ 
perience shows that the roadbed of a steam road consisting of 
sand, gravel or rock ballast, when dry, is a good insulator, and 
when wet there is but little difference. A rock-ballasted track in 
particular needs no insulation whatever except the wooden ties. 

1 am aware that such a statement may be regarded with doubt, 
but perhaps it can be tnade clearer if we take all things into 
consideration. The road runs through an open country, the soil 
is of the average composition, some of it wet, but most of it 
dry. If we stand on a wet spot and place our body in cir¬ 
cuit from positive to ground we receive a shock, perhaps of 
maximum voltage. This would apparently show the ground 
to be a conductor, but a little thought wilt prov e that it con¬ 
ducted a few milli-amperes only. If we stand in dry earth 
or on a tie, we feel no shock. But the one test that proves 
the insulation of such a line is the leakage test. From tests 
made every night, for over a year, the leakage averages i 
ampere per mile in dry weather to amperes in wet weather, 
and I am convinced that nearly all of this is in the underground 
work neces.-ary at grade crossings and switch points. The above 
refers .to a rail insulated upon creosoted wood blocks attached 
to the ties. A complete covering of snow, has little or no 
effect on the leakage. The form of the positive rail may influ¬ 
ence the leakage somewhat For example, the inverted V form 
acts as a roof to shed water and keeps the contact surface be¬ 
tween the block and rail dry. But there is in use several miles 
of ordinary T-rail as a positive conductor, laid on blocks of 
wood li" thick attached to the ties, not creosoted, but dipped 
in an insulating compound. No leakage is noticable here. We 
can easily understand that if any appreciable amount of the cur¬ 
rent in amperes should leak through these blocks whether pre¬ 
pared or not, they would burn up. The writer, therefore, 
believes that such insulation of the positive rail- for the current 
and voltage under discussion is ample, and much expense can be 
saved by steam roads by its use. 

Traok Bonding ,—One of the most necessary and at the same 
time expensive parts of the work in changing existing steam 
roads into an electric line, is the bonding of the seryice rails. 
The author believes he has done some of the heaviest bonding in 
the country, and is of the opinion that there is no satisfactory 
method of bonding a T-rail at present. When such bonding 
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costs two dollars per joint, it becomes a very serious matter. 
Bonding around tlie angle plate with the bonds about two feet 
long, is out of the question, for the cost of copper would be too 
great, and it would be exposed. Riveting the lugs on the bonds 
through the web of the rail, is not good practice, because to 
secure sufficient area of contact four holes would, have to be 
drilled in the ends of each rail, which so weakens it as to render 
it unsafe. The shortest possible bonds should be used under the 
base of the rail. It requires four one-inch holes in the base of 
each rail, and we can easily see how unsatisfactory and expensive 
this is, with four bonds of 300,000 cm. area for each joint of 
100 pound steel. In nearly all rail bonds the principal resistance 
is in the contacts. It is a simple matter to use sufficient copper^ 
but to secure a proper contact is a difficult problem. The bonds 
must have the utmost flexibility to withstand the vertical motion 
of the rail ends, and even then many of them will gradually 
break off strand by strand. What is urgently needed at the 
present day is a cheap and efficient bond for a T-rail. Such a 
bond, to be satisfactory, must show no greater fall in potential 
than an equal length of the rail itself, when the maximum cur¬ 
rent is flowing through the joint. On account of the fact that 
the ground is practically of no value in augmenting the con¬ 
ductivity of the return circuit, the entire circuit must be re¬ 
garded as metallic, and the ground should not enter into any cal¬ 
culations. 

Power Stations .—The writer does not propose to enter into 
the subject of the design and arrangement of machinery in a 
power station for a steam road, as there are no engineering 
features which differ from those encountered in such a station in¬ 
tended for a large street railway. An abundance of water and 
cheap fuel are of course important points. Such power stations 
can be built for from $80 to $90 per kilowatt, exclusive of the 
land. 

A few words about the amount of power required may be of 
interest. An important figure is the amount of power delivered 
at the switchboard per train mile. It eliminates all losses due to 
resistance of circuit, and current used for air compressors, elec¬ 
tric lights and heaters. This figure will vary from four to six 
kilowatt hours per train mile, reaching its maximum in Decem¬ 
ber and January, due to the longer hours of lighting the cars, 
the constant use of electric heaters, and the frequent running 
through snow. 
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The question of heating a standard coach by electricity is 
one that should he thoroughly understood. Street car heating 
IS totally different. The public demands the same tempera¬ 
ture as is furnished by steam, which is 68° or 70° T. It makes 
but little difference what heater is used, provided there are 
enough of them. One may radiate its heat faster than an¬ 
other, and so raise the temperature of the ear more rapidly, 
but it will require, in any ease, from 12 to 15 kilowatts of energy 
for each coach. An ordinary train consisting of a motor car and 
two coaches weighing 200,000 pounds, will require, at a speed of 
35 to 40 miles per hour on a level track, about 125 kilowatts, or 
about 166 H.P., of which the motor car alone would consume 75 
K. w., if running light. The motor will consume an average energy 
of four to live kilowatt-hours per train mile, or 40 to 50 
watt hours per ton mile. JPower can be produced with con¬ 
densing engines and fuel at about $2.30 per ton, for about 
.008 (tV of a cent) per k. w. hour. 

Oosi of Operation :—It is most desirable in operating a heavy 
electric service over a railway on which steam trains are also 
operated, to arrive at a satisfactory conclusion as to the compara¬ 
tive cost of operating each type of train per mile. If an electric 
service is entirely substituted for one which has been operated by 
steam, thenailroad company-is in a position to know accurately 
the difference in cost of the two systems. But when both are 
operated over the same tracks the problem becomes very com¬ 
plex. For example, even if we omit the maintenance of the 
road way, which may be a little higher in an electric service, 
there are many other items such as salaries of agents, ticket 
sellers, gatemen, etc., all of which properly belong to the oper¬ 
ating department, which must be proportioned between the two 
services. It may be said that the cost of operating a steam pas¬ 
senger train has been estimated all the way from 30 cents to $1.00 
per mile depending upon the length of the train and other con¬ 
ditions which are seldom alike in the different localities. The 
author cannot go into this subject in dej;ail, but will give a few 
points of difference between the two services upon which an 
approximate estimate can be based. A fair average cost of 
running a steam locomotive, including fuel, when coal is about 
$2.30 per ton; water, wages, repairs etc. is 22 cents per mile. 
The average cost of repairs to coaches may be taken at one cent 
per tnile each. The wages of train crew, consisting of a condne- 
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making a total of 30 cents. This figure is intended to represent 
the lowest possible cost of operating a train of only three cars 
by steam with the understanding that it is kept almost constantly 
moving for about 9 hours, and covering from loO to 200 miles. 
It is well known that a train making but a few miles per day 
cannot be run at a profit, either by steam or electricity, due to the 
fact that cost of wages per mile increases rapidly, as the crew 
has to be paid the same in either case. A great advantage of 
the electric service may be mentioned here. The above service 
is all that can be required of one crew and one locomotive, but 
the motor car can easily make 800 to 400 miles in 18 hours,’ and 
as the daily service is in operation at least that long, one motor 
car does the work of two locomotives. In the operation of a 
similar three-car train in which one car is a motor ear, we will 
assume the same crew with the addition of a motorman and omit 
the locomotive. The cost per mile in wages will then become 
cents, that of repairs to cars the same as before, 1 cent, 
maintenance of motors, i cent and cost of power deli’vered to 
train, 6 cents, making the total cost per train mile, 14 cents for 
the electric service. 


Electkj c Lighting . 

All steam roads, which have introduced electric motive power, 
will consider the question of lighting their passenger stations and 
freight houses along the line. It will be found that lighting in 
■ this way is very satisfactory and far cheaper than the purchase 
of gas or electricity from others. For lighting freight sheds 
platforms and other outside lights, the simple wiring of the 
lights in groups of five or six in series, and connected directly 
between the feeder or working conductor and the service rails, 
has been found satisfactory. The occasional interruption of the 
current due to the opening of a circuit breaker will shut off these 
lights for a, few seconds, which makes them inconvenient for in¬ 
door lighting. For stations requiring not over 60,16 o.p. lights 
a small storage battery of 58 cells, together with a iheostat 
and switchboard with the necessary switches and instruments 
can be installed for about $900.00. By making the rheostat 
of about 55 ohuis resistance and 35 amperes capacity and con¬ 
necting it in series with the railway current, it can be used to 
charge the battery. 
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The battery and rheostat are connected in parallel with the 
lighting load, and the resistance so regulated that the railway 
current does the lighting, the battery merely acting as a regula¬ 
tor, charging slightly when the voltage rises and discharging into 
the lighting circuit when the pressure falls, due to the movement 
of the trains. This maintains a practically constant voltage of 
about 120 on the lighting circuit, and the battery does little or 
no work except when the power station is shut down. The princi¬ 
pal advantage of this arrangement is that it is practically automatic 
in its action, and requires no regular attendant. Thejstation em¬ 
ployes can handle the switches when necessary to turn on or off the 
lights. An occasional inspection of the battery is all that is neces¬ 
sary. The cost of such lighting is much less than it can be pur¬ 
chased from lighting companies. In larger stations requiring 
several hundred lights, a motor generator can be used instead 
of the rheostat and connected to the battery and the load in 
exactly the same way. (Such a plant should have aii attendant. 



100 


BOTJSTON ON ELECTRIC TRACTION 


[Feb. 28, 


Discussion at New York, Feb. 28 , 1900 . 

Mr. Frank J. Sprague :—Mr. President and gentlemen, I 
have been asked to open this discussion, and I have been spend¬ 
ing a part of the afternoon looking at a time table. I have lis¬ 
tened with interest to Mr. Bojmton’s paper, giving the principal 
results of his experience on the New York and New Haven 
road. If I have any criticisms to make of it as a paper, it is 
that it does not treat of the subject on quite as broad lines as I 
would liked to have seen. It is more a record of what has been 
creditably done, with interesting results, in connection with 
work of the New York and New Haven Eailroad, inaugurated 
at a time when there was a good deal of cynicism expressed. I 
will take the liberty, if I may, of going back to a review of this 
subject, and reading from lines written some five years ago, and 
then^ make reference to some projects which are now in hand.. 
I think, possibly, I might suggest a title for Mr. Boynton’s 
paper, something like this: “Shall electricity be used on steam 
railwiiys, and, if so, how far and under what conditions?” 

In the paper referred to I stated : “ Electrical development 
will go on until^ the trolley system is almost as common as the 
turnpike. It will establish lines of communication which have 
not hitherto existed ; it will build nj) new territory; it will act 
as a feeder to great trunk-line systems, botli for passenger and 
certain classes of freight work; and it will largely encroach 
upon special fields now occupied by the trunk lines. 

“But, when we depart from this class of service and take up 
what is essentially a trunk-line system, there are many questions 
to be considered, and not^ alone" those of the local and express 
service, but also a most important one, which is rarely consid¬ 
ered when electric railways are talked of. 1 refer to the trunk¬ 
line freight service—that is, the transportation’of goods in great 
bulk over long distances. One must remember that trunk lines, 
as they now exist, have been built up by a slow process, and that 
no very serious change from their existing conditions can be 
made, considered from the commercial standpoint, except after 
grave deliberation and at very great expense. Unless passen¬ 
gers and goods can be moved over a system with increased ben¬ 
efit to a community, or at a reduced cost, or with a commensu¬ 
rate return on. capital invested, an electric will not replace a 
steam system. Of course, in these remarks I ignore specific 
problems, such as the utilization of a storage battery and motor 
in place of a locomotive, or of amoving central station, as is 
being tried on one of the French lines, or those special problems 
like the Baltimore tunnel, in which an electric locomotive will 
be utilized for a short distance in place of the steam locomotive 
I am considering the possibilities of what is generally considered 
an electric system—that is, the operation oi a number of train, 
units from a central station. 
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“ If we were to refer a moment to any other system of trans¬ 
mission of power—for example, by water or air—no one for a 
moment would question its limitations. We all know that any 
amount of power can he so transmitted, but only with definite 
losses which depend upon the pressures used, the sizes of pipes, 
and the distances and amount of energy transmitted. So it is 
in the transmission of electricity, wdiich is nothing more or less 
than an agent whose exact character we do not know, but whose 
obedience to certain empirical laws is absolute.^ 

“It is unnecessary here to repeat the specific laws covering 
such transmission; they are perfectly w^ell known, and there is 
no practical hope of their being changed, any more than the 
laws of gravity. Recognizing these laws, there is a distinct lim¬ 
itation to the distance and amount of power which can be eco¬ 
nomically and conveniently transmitted and distributed, no 
matter how perfect the generating or receiving machinery may 
be; and these two particular elements liave been brought very 
nearly to their maximum possible etficiency. 

‘"It may be said—which is perfectly true—that, if from a cen¬ 
tral station one can conveniently operate a number of distributed 
units over a 20-mile road, why cannot two or, for that matter, a 
dozen such systems be connected together? So they can, but 
this does not form a trunk-line system. Of course, if we con¬ 
sider the steam trunk-line from a passenger standpoint, the 
present system has defects, and the principal one is the incon¬ 
venience of service when considering short distances. If one is 
going a long distance then it matters not so much whether the 
trains are two or three hours apart in leaving; but long-distance 
travel and short-distance travel have not the same requirements 
so far as the passengers are concerned. 

“If nothing is sacrificed, it would be preferable, of course, to 
have smaller units despatched at more frequent intervals, no 
matter what the distance of travel, but, as I say, this is less im¬ 
portant when dealing with long distances than when dealing 
with short ones. When trains are operated in large units, with 
•comparatively few units between terminal points, and these at 
considerable intervals, the steam locomotive will absolutely hold 
its own. When, however, these larger units are broken up, the 
intervals of train-despatching can be shortened as much as is 
consistent with satisfactory operation and the number of units 
distributed over a line made correspondingly large; then, and 
then only, will electricity be used on suburban lines and lines 
connecting important cities. 

“I have again and again advanced the substance of this state¬ 
ment, and I must here repeat and emphasize this fact—that, so 
far as passenger service is concerned, considering for the moment 
only economy of operation, the problem narrows itself down to 
the number of train units operated between terminal points. 
Make that number sufficiently large, and the electric motor is 
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the best means of propulsion, whether for high or low speed. 
Decrease this number, and yon must rely upon steam. 

Or, putting it another w^ay, the answer to the (jiiery, will 
electricity take the place of steam iocomotiv'es for railway ser¬ 
vice, is: only in part, and then only when the number of units 
operated between terminal points is so large that the resulting 
economy will pay a reasonable interest on the combined cost of 
a central-stabon system of conductors and the motor equipment 
and the trafiic existing is commensurate with the needs of such 
a system. 


It is perfectly true that looking only at tlie time standpoint 
of passenger trathc it is entirely possible and feasible even, not 
only to operate any existing street or elevated system, and many 
of the suburban sy^ems, but also the traffic between such points 
as New 1' ork and Philadelphia on a subdivided electric service ; 
out tins IS not all that is required. The more frequent the units 
despatched over the track, the more exclusive must be that par- 
ticnlar track for that particular service, and the larger must be 
the number of tracks to take care of all the varied service of a 
great system, 

“ BrieMy, the service may be characterized as the transmission 
of passengers from one local point to anotlier and tlie transmis- 
sion at high speed between principal points—that is, way and 
express service-and the handling of freight in great masses 
with all the av^ndant switching and distribution at way arnl ter¬ 
minal points. Considering only the transit needs of these various 
services, a six-track raiJroad might be considered desirable, and 
probably would be; but there are many problems connected 
with sueh a road, to say nothing of the fact that it would often 
be impossible to construet such a system on existing rights-of- 
way. Independent of the matter of investment, rightsSf-wav 
or construction, the problems of switching, passenger landing’ 
and freight acceptance and delivery, on a six-track railroad 
would be a grave one. 

“ Freight yannot be handled like live loads. A snecessiou of 
cars each with twenty or thirty passengers, might well take care 
of a l he passenger traffic on a road, but freight cannot ordi¬ 
narily bo handled m any such way, except by an enormous in¬ 
crease of expenditure. The 30-, 40-, or 50-ear train, pulled by 
a single locomotive,_ with a limited train crew, presents an eco¬ 
nomical transportation of freight which no system of units on 
long-distance transportation can hope to equal. 

“ It may be contended that there is a way to create a six-track 
service, and that it can be operated partly electrically and plnW 
by steam and that the small units for wk service can be run on 
one setof tracks, the express units on aniher, botli subdivided 
and that larger freight units at long intervals can be operated 
on the third, but this proposition will not appeal witli any prac^ 
tieal force to the railroad man, or to the elec^trieai enginle^r as 
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suchs because it is absolutely vital for successful electrical opera¬ 
tion from a central station that the units shall be divided, and 
that there shall be a distributed service, and not a localization of 
large units at long intervals at any portion of the system. ^ 

“it seems hardly necessary to even refer to the question of 
signals, and all the difficulties which would exist if an attempt 
were made to operate a road simultaneously with electricity and 
steam. Human life and its absolute dependence on these ^sig¬ 
nals, which neither natural laws, stress of accident, or conditions 
of weather should interfere with, make this of vital importance 
in considering any change. 

“ One of the great advantages of the electric system, as gen¬ 
erally used, considered from a traction standpoint is the fact that 
the motors are carried under each individual car, or, with few 
exceptions, under one of two or three ears, thus giving the ad¬ 
vantages of a higher proportion of weight for traction, with a 
consequent distribution instead of localization of weights. When 
motors reach their highest standard every car can be made an 
individual unit, which can be operated in any combination and 
from any point of a train; but this advantage instantly disappears 
when it is attempted to use an electric locomotive after the man¬ 
ner of a steam locomotive. That is, to put it ahead of a number 
of car uuits whose aggregate weight may be from live to twenty- 
five times its own. It must, then, in a large measure be limited 
by identically the same laws in the matter of wmight and trac¬ 
tion as the ])i*esent steam system. Assuming units which are 
common on steam roads, such as 1000 or 1500 ir. p., the enor¬ 
mous loss of energy and the variation of pressure on a line 
would make the cost, with any possible allow^’able loss, entirely 
impracticable. 

1 have seen little development in the last five years to alter 
those general conclusions, but J am no less a believer than ever 
in the gradual and certain encroachment of the electric upon 
steam railways. If 1 were asked, however, if electric traction 
will take place “under steam railw^ay conditions” I would say 
110 ,except ill special cases. What are steam railw^ay conditions? 
A more or less perfect roadbed, which gradually becomes a more 
or less exclusive roadbed, and the more exclusive it becomes the 
better it is for electric railways; stations at predetermined posi¬ 
tions and distances of signaling; operation on the same or on 
separate tracks of express and local service and freight serv]('e, 
which complicates the problem; operation under a fixed time¬ 
table, with varying lengths of trains, but always large units, with 
a tendency to larger ones. These are essentially steam railw’ay 
conditions. Many of them are directly opposed to commercially 
successful electrical operation. 

There are two things which have been brought forward and 
practically developed in the past three years which are not men¬ 
tioned by Mr, Boynton as having a possible use in future electric 
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railways. The first is the stoi'a^e battery. Its use ou the South 
Side elevated in Chicago, on which I have 180 cars in operation, 
the expeiience on the Metropolitan road in this city, and the 
general introduction on a large number of other roads and cen¬ 
tral stations, primarily for the purpose of equalization of load 
and for taking a small portion of the peak load at certain hours, 
warrant the statement that it is certain to be a feature hr railway 
r^veloprrrent. There is no doubt in iny own rniird concerning 
this. .A.nother‘ development is the method of controlling two or 
more units or cars equipped with motors from a commoti source, 
which I have called and it is now known as the rrrultiple unit 
system, subject to more or less ridicule and criticism during past 
years, but now being generally accepted as necessary in rnodertr 
transportation. I do not mean by the term “ multiple unit sys- 
teni_ the equipment necessarily 6f every car in a tr-ain, hut the 
equrprnent of two or more cars of a train under a simultaneous 
control. JNeither of these developments are mentioned or con¬ 
sidered by Mr. Boynton. If there be a cpiestion about this latter 
proposition, let me recite what has been proposed with eivht or 
ten roads representing modern work. The Illinois Central 
±Cailwa,y, with its six or possibly eight-track service, stands as an 
e.xaniple to-day of the most perfect steam suburban service. For 
two years and a half at least actively, and for four or five years 
before that tentatively, its management has considered the appli¬ 
cation of electricity to that suburban service. Bear in mind that 
betore_ we undertake the larger problems we must take that 
winch IS at hand; that is, suburban service 20 or 30 miles out of 
the city. So we will consider this Illinois Central road 'd’ho 
conclusion arrived at some two and a half years ago was that 
from the standpoint of steam economy nothing whatever was to 
be gamed by the adoption of electricity under the conditions 
which exist in Chicago on that road at the price thev paid for 
coal and with the duty they are getting out of the engines ; that 
in the matter of speed, that was already very satisfactory on the 
express service, hut for the way or suburban service electricity 
offered an advantage, permitting an increase from 18 to 23 miles 
schediue speech But all consideration of a locomotive or a loeo- 
^ number of ears has been put aside for a 
finality, fhe only thought,! think I may say fairly, which they 
have had in mind is one expressed by the then Chief Eno-ineer 
and now Assistant First Vice-President Wallace, when he said in 

the aUS TtL7 ^ If ^ ago, that he wished to see 

tfie abolition of the time-table on suburban service, and to be able 

to direct at frequent and regular intervals the going out of train 
units of one or two or ten cars, without unnecessary switching 
without a locomotive at the head to pull them, motive power ai§ 

proportion to each other, iJith orders 
to leave the terminus and get back there as quickly as possible 
ivithout waiting at any station for the time-table. He said • “ f 
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hope to see cars operated by a push-button.” It happeued at 
that time that I was in Chicago, connected with the Chicago 
South Side elevated, and I told him that that was what 1 was 
there for. Shortly after that the equipment of the South Side 
road was taken up. If that road adopts electricity they will put 
on their cars not less than ^00-horse power, and those ears will 
be operated in any combination from one to a dozen cars. Such 
radical operation requires, for the best duty, a storage battery to 
help equalize the load and to take perhaps a little of tlie peak. 
If alternating currents are used, with rotary transformers deliver¬ 
ing constant potential on the line, it is out of the question to put 
upon the sub-stations the sharp, varying loads which would be 
required, without a storage batter}^ 

The Liverpool Overhead Railway operates at present three-car 
trains, with motors on the front and the back car. The Waterloo 
and City Railway of London operates three and four-car trains, 
with motors on the front and back car. The Union Electric 
Company of Berlin has recently submitted a projectto the Minister 
of Bnblic Works proposing the change over from the ])re8ent 
steam system to an electric system, working as many as 12 cars in 
a train, each car being equipped with two motors of 150 ir. p. 
capacity each. The new Berlin Elevated Railway, of which 
Messrs. Siemens and Ilalske are the prim‘e movers, are consider¬ 
ing the operation of four and five and even up to ten-ear trains, 
and they have had under consideration all sorts of methods— 
four-car trains, with three motors on the front and on the back 
car; four-car trains,with four motors on the front and back car; 
five-car trains, with two motors on the front and back ear; ten- 
car trains, with two motors on the first and rear car and two 
motors on a middle car, and a full multiple unit system. 

The new Boston Elevated road will have an equipment of two 
150 H. p. motors per car and operate them in from two to five or 
six-car trains, all under a common control. The Manhattan— 
well, none of us can speak with any definiteness abont that yet, 
and therefore I will not prophesy. 

The Brooklyn elevated will operate from three to five-car 
trains, wdth two and three motor-cars in a train, and contemplate 
eventually equipping every car, all under a common control. So 
it would seem that in electric railways the idea of grouping 
together units and controlling them from a common point is the 
accepted engineering conclusion, no matter who does it or what 
the specific apparatus. If a railroad is operated either with one- 
car units or two-car units or six-car units all the while there 
would be a definite determination of the motor equipment for 
that unit. If instead of being constantly operated with one size 
train units, it is operated with trains which are made up of a vary¬ 
ing number of units, then it seems reasonable to suppose that 
each of those units should be equipped with the power and only 
with the power that is necessary to drive them. 
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Some of you are suburbanites. I am not^ except as to my 
shops. The ‘advantages (or disadvantages) of hJ ew York are such 
that to get out we have either to burrow or float, go through a 
tunnel or go over the water, and I have often to take the Dela¬ 
ware, Lackawanna and Western Railwaj^ picked up a time¬ 
table this afternoon, and I was a little surprised at some of the 
conclusions which a graphic setting out of that time-table showed. 
Yon know that froni Hoboken there is a two-track stem with 
some freight sidings tliat runs to Newark and up to the Roseville 
Avenue Junction. Thence a branch goes to Montclair.^ From 
Roseville avenue the main stenj of the road runs out to bummit, 
Morristown, Dover and on. d'aking the latest time-table, I have 
laid out tlie trains on a graphic method, based on number of 
trains and times of transit. The distance from Hoboken to 
Roseville Avenue is about nine miles, thence to Montclair four 
mileSj and from Roseville avenue to Morristowm 2i miles. 
This road may be taken as typically representative of a suburban 
service, and is right at hand. At present one crosses the ferry 
every 10 or 15 minutes and finds a train every 40 minutes or 
every hour and 10 minutes, just as one goes on the Manhattan 
elevated to 155tli street and then finds trains to Yonkers ^7“ 
where from 10 minutes, to an hour and 10 minutes apart. The 
aggregate roadway here considered, is roughly 34 miles, and the 
actual single trackage about 66 miles. Retween about five o clock 
in the morning and one o’clock at night there are 144 tiains in 
operation on either a part or the whole of the distance over those 
lines from Hoboken to Montclair, or to Morristown, 31 miles 
away, leaving out those trains which go beyond Morristown. I 
have considered their limit of service because it is within the 
reasonable limits of transmission of an alternating current from a 
reasonable center. Perhaps it would surprise you to know that 
despite that number of trains there are times—considering no 
stoppages whatever at a station, but only the time from departure 
to arriving—between five o’clock in the morning and one o clock 
at when there is only one train on this 66 miles of track. 

ThaAs a steam railway condition, but not one which will ever be 
adhered to if the road adopts electricity. Considering the stop- 
pao-es of trains at the different stations, there are prooably not 
less than 20 times during these hours in which there is not a car 
moving in all those 144 trains that operate within the 30-mile 
radius of Hoboken—not less than 20 times within the day when 
there is not a wheel turning on (i6 miles of track, despite the fact 
that this road is supplying 20 or 25 populous suburban towns. It 
has been said that that road is considering the adoption ot elec¬ 
tricity. It is a perfectly practicable engineering problem and 
entirely feasible commercially. As at present run there are but 
from 1 to 13 trains in service, and from about 3 to 65 cars maxi- 
mum. The equipment to get the best service should be with not 
less than one-half of its cars equipped with motors, and I question 




Fig. 1.—-Train Time Diagram, D. L. & W. E,. R. Suburban Trains to Montclair and Morristown, and Between 
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if it would not be better if every one of its passenger cars were, 
but certainly not less than one-half. 

There are two things you have got to consider in traffic. One 
is to meet the wants of the individual man. He cares little what 
anybody else wants. He goes to a station and wants to go home 
or to business. The other is to meet the collective wants of 
these several men. Scattered throughout the day there .is a fair 
average of people who wish to travel, and at certain hours of the 
day there are large numbers of people who have a similar desire. 
So we have to consider not only the frequent dispatching of 
trains, but the variation in size of those trains. If one-half of 
the standard coaches on a road were equipped with motors under 
conditions that would make it possible to operate two or a dozen 
cars under simultaneous control, the cost of the car equipments 
would probably not exceed one-quarter the cost of a single one of 
the generating units required for the Manhattan liailway, in¬ 
cluding its engine, steam piping, and proportion of building. 
The power required to operate this 34 miles of suburban road 
would be equal to about two of the Manhattan units, and but 
very little more than is being used on the South Side elevated 
in Chicago. 

It seems to me that the broad question of using electricity on 
a road is one which is to be determined absolutely by the fre¬ 
quency of service which that road will stand, and the more the 
short-distance trains are operated electrically the fewer the steam 
trains going to long-distance points, which mnst operate over 
that road. I will content myself by simply prophesying two 
facts: one is that the storage battery is a necessity in any large 
development of the application of electricity to railroads, and the 
other, that the aggregation and control of two or more units in a 
train—that is, the multiple unit system will be the future method 
of operation. 

JJr. Oaky T. Hutchinson: —I think Mr. Sprague has entirely 
misunderstood the intent of this paper. I do not think it is in¬ 
tended to discuss broadly the most economical method of oper¬ 
ating trains by electricity, but was intended as a resume of the 
author’s experience in handling suburban trains; and it tells what 
the author has learned. There is no intimation whatever in 
the paper that any consideration of the economics underlying 
electric railway service was intended; but there are many 
interesting results of his experience ; among others, the very 
low cost of repair of electric locomotives, only ten per cent, of 
that for steam locomotives. I do not think this would hold as 
an average result or even an approximation. The figure of four 
to six kilowatt hours per train mile for train service without 
mentioning at all the weight of the train or the schedule is in¬ 
definite. Jt is generally understood that the energy consump¬ 
tion per ton-mile may vary in the ratio of 1 to 10 for difiierent 
schedules. 
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^ There are a luiuiber of other facts of that kind that might be 
discussed, in particular, the performance of motors, etc., for 
above ratio. Wliat is the ratio ? 

Mr. Georoe T. Hanohett : — I note in the paper that Mr. 
Boynton mentions an 800 -h. p. equipment of four motors. That 
means a 200 -h. p. motor. I had the good fortune to observe the ex¬ 
perience of a prominent company manufacturing railway motors 
of that capacity. They were used in elevated work. They were 
installed within a 6-foot wheel base with a 83-ineh wheel. They 
filled the space. There was hardly room enough for the brake 
rods. The motors had to be mounted on an odd angle in order 
to allow the car axle to thread through the easing between the 
pole-pieces. It was found necessary to keep these motors open 
both above and belovv the bearing on both sides in order to safely 
rate them at 200 h. p. If I remember correctly, the tempera¬ 
ture rise was something like 75 degrees centigrade above the 
atmosphere. If those are the facts it is necessary to keep the 
casings open if we are to use 200-h. p. motors in such work. 
Such ventilation was mentioned by Mr. Boynton as a luxury 
which might be enjoyed under certain circumstances, but I think 
it is a necessity if the experience of this company is to be believed. 

Mr. Eiohard Lamb ;—Speaking of open motors in suburban 
service, I have recently been called upon to build a trolley line 
at Brigantine Beach, H. J. The ocean had cut away the beach, leav¬ 
ing the trestle out from the shore a distance of about 200 feet. 
One of their experiences was that when the tide was in and the 
waves were high they would have an armature short-circuited 
and burned by the salt spray entering the open motor. On one 
occasion they had one of their large generators in the power¬ 
house thrown off of its foundation, from the ocean spray short- 
circuiting an open motor on a car two miles from the station, 
the circuit*breaker having failed to work. They also had the ex¬ 
perience of the sand blown into the open motor by the winds, 
cutting away their commutators and journals. They tried 
patting what they called a canvas petticoat around the opening 
of the motor. This raised the temperature excessively. These 
experiences prove the absolute necessity of using completely 
encased motors in any suburban service having seashore road¬ 
beds. 

Mb. Elias E. Kies :—Mr. Boynton, in his paper, although he 
mentions and describes the various methods he speaks of as re- 
latinjg to the operation of electric railways under steam railway 
conditions,” it seems has confined himself more or less to short 
lengths of lines of about 10 or 12 miles, such as are and have 
for some years been successfully operated by direct or continu¬ 
ous currents. The application of electricity to such short linea 
of steam railroads I should regard as operating steam roads 

under electric railway conditions,” rather than under steam 
railway conditions. I believe that the thing which electricians 
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and engineers in general haye chiefly in mind Avhen it comes to 
the question of substituting electricity for steam on railroads is 
the electrical operation of long lines, or trunk lines. That, it 
seems to me, can only he successfully accomplished when we 
have aiTived at the point when we can supply alternating cur¬ 
rents of high tension for transmission purposes and convert these 
into currents of lower tension for the operation of the motors. 
This matter is incidentally touched upon in Mr. Boynton’s paper, 
but very little has been said here to-night in regard to it. It is 
a subject, however, too lengthy to he discussed at this late hour 
and 1 will therefore pass it by, notwithstanding that I believe 
the solution of this problem iiecessarih^ rests upon the adoption 
of such a system. 

There was one interesting iioint mentioned by Mr. Sprague in 
his discussion, stating his belief that in any rotary converter 
system operated by high potential currents for long distances, it 
would he necessary to combine with it a storage battery. It 
struck me that there was an interesting possibility in that appli¬ 
cation when you come to the question of the general problem of 
operating trunk lines or long-distance railway lines with infre¬ 
quent long-train service by electricity, and that is this: The 
great difficulty in adapting electricity to steam railway operations 
is that the present steam locomotives are fairly economical because 
they carry along their own generating capacity, which is not 
only sufficient for, but is applied locally to, the woi'k of hauling 
the train; they require a certain crew, limited in number, and 
their most economical condition of operation is to haul as heavy 
a load as the traction ability of the locomotive can sustain. The 
electric system, on the other hand, which requires fixed stations 
for generating current that must be transmitted over the line 
whether there be only one or a dozen trains on a section, de¬ 
mands that its generators be operated at the highest efficiency— 
that is to say, at practically full load at all times, preferably 24 hours 
out of the 24, and it would be a great waste if those generators, 
which must necessaril}' be given a power capacity greater than that 
required to move the heaviest single train at the required speed, 
had to remain idle for a period of anywhere from one to four 
or five hours at a time between trains. 

]Mow, it strikes me that it is just possible that a system of 
generating stations could be combined with a storage-battery 
plant in which the battery would be used, not merely for com¬ 
pensating for the difference between the peak of the load and 
the level load; but it could be charged by generators of rather 
modei’ate power running all the time, the battery groups being 
so connected as to give forth their energy for comparatively 
brief periods in large amounts (to feed long, heavy traffic trains 
running approximately under steam-railway schedule conditions 
at more or less infrequent intervals), on the principle of 
the accumulator in a hydraulic system, or the flywheel in a 
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punching press, etc. In that case the current might be gener¬ 
ated and transmitted as a continuous current, feeding, at inter^^als 
along the line, storage batteries connected in series, and the Ird- 
ter might be arranged to automatically discharge into the service 
or working circuits in multiple, at ordinary working pressures, 
whenever a section is entered upon by a train, and so on. 
I merely mention this as a passing thought—that that seems to 
be one Vvay in which the existing steam-railway conditions could 
be maintained under electrical operation ^it were desirable to 
do so. I do not advance this, however, as a desirable solution 
by any means, as I believe it will be found better to modify steam¬ 
railway conditions so as to conform to what has been found best 
in electric practice. It simply occurred to me and I thought I 
might mention that as an interesting possibility. The general 
subject is one of considerable importance, and I am very glad, 
indeed, to have heard the Institute discuss the matter so fully 
this evening. 

The Seoretaey :—There have been some criticisms on the 
title of this paper, and whether they are just or not, I am not 
certain that it should be left for the author to defend, because 
whatever the title is, it was originally suggested to him, and 
then after he adopted it, it was changed; and, as a matter of 
fact, I do not tliink he is responsible for the title at all. What 
this is, and what it was attempted to get, is some notes or some 
information in regard to the operation of trains by electricity, 
over the same road and under the same conditions where they 
had previously been run by steam. Perhaps some of you may 
be able to fit a title to those conditions, for that was Vvdiat the 
Committee on Papers was trying to get at, and it went to the 
only known place in this vicinity where electric trains were 
operating under those circumstances. 

There are certain interesting questions involved in such a radical 
change of operating conditions as noted in this paper. I served on a 
railroad for two years before I went into telegraph work, and 1 
have ridden on a steam railroad as a suburbanite for 33 years, 
and I can speak as a practitioner in early days, and an interested 
observer of modern methods. I have recently had an oppor¬ 
tunity of comparing a steam express service with a fifteen minute 
interval and a trolley occasionally connecting with it on a twenty 
minutes headway. But the superintendent found that they 
could not quite make the schedule under all conditions. He 
said that if things were all right, that they could make the time 
under twenty minutes headway. But sometimes things happened 
—cattle or old women or wagons got on the track and delayed 
the cars, so they changed the schedule to 22 minutes, making it 66 
minutes in the hour, as you might say. It has been a problem 
ever since that road changed its schedule about six weeks ago 
for the people on the side streets to find out when a car would 
be along. 
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It appears to me that people who undertake to manage a ser- 
yice of that kind should study the conditions of life and the con¬ 
ditions under which people travel on the cars, as well as taking 
up the technical questions, because in this particular case there 
is a great deal of traffic comes on the connecting steam i-ailroad. 

It is not so much the question of the time-table as it is having 
the ears run at regular intervals in each hour. If they run every 
3U minutes and start on the even hour, you know there is one 
every half hour; that is all right; all that is perfectly clear and 
easy, and so it is w’hen they run every 20 minutes or every 15 
minutes; but when they run every 22 minutes, making a varia¬ 
tion of six minutes in every hour, it begins to be a brain-racking 
performance to keep track of it. 

Gretting down to some of the technical points that are brought 
up by Mr. Boynton, he mentioned this third rail, and the diffi¬ 
culties of bonding with tliat particular form of rail, and it oc¬ 
curred to me thnt it would be a very simple matter, if there was 
any amount of business in this, to make a form of rail for aeon 
ductor that would be satisfactory. Then there is a question as 
to the position of this third rail, wdiether it is to be outside 
of the two rails or between them, or near to one, or in the 
center. I do not see any information in the paper as to the best 
position. 

In regard to ice on the track, while we have comparatively 
little of it, it does not appear to me that this is an argument 
against the use of electricity. Where it is an aiinoyanco, and in 
certain climates it would probably be worse than it is around 
here, it appears to me that it could be gotten over very readily 
by an economical device. Even if this could not be done, wo 
might as well say that the locomotive is a failure, because 
sometimes it gets snowed in, as it does, and becomes one of the 
most helpless pieces of machinery that you can imagine, when it is 
packed in the snow. Regarding speed possibilities, 1 would like 
to inquire as to the distance required for getting up the speed of 
these short trains, for this reason, that a few'^years ago, when 
what was then a record run of 72 miles an hour, was made on 
the Bound Brook route, that train ran 12 miles before attain¬ 
ing that speed. I believe there is only one place on that line 
where the track is in such condition that they can make such 
time, and of course when you consider that it takes 12 miles, as 
it did at that time, why ol’ course frequent stops make it prac¬ 
tically impossible, and it appears to me that before dismissing 
the subject, we ought to consider this question of speed a little 
more, because it is very important, as some of the predictions 
ill regard to the speed of electric locomotives have not been veri¬ 
fied in practice. The probabilities are that one of the reasons is 
that there are very few lines in the country that are well enough 
built and have a sufficiently long stretch of reasonably straight aiid 
level track so that they can attain the speed that we have^had in 
contemplation. 
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Me. Haerison Anderson: —I came here this evening as a 
stranger and guest, and one of my reasons for coming was that 
I am browsing around everywhere. I came in search of infor¬ 
mation and instruction, and I like my instruction very much as 
I like my whiskey—I like it straight; and I can illustrate what I 
mean by an experience that I had a couple of years ago in the 
west, when I was trying to sell a very fast steamboat to Mr. J• 
J, Ilill, of the Great JSTorthern. While we were out on this 
steamboat together, naturally, Mr. Hill instead of talking about 
my steamboat was talking about his own railroad. I was very 
willing to listen. He said : You can write the whole secret of 
successful railroad operation on your thumb nail. T have men 
who have been in my service for twenty years and have not got 
-down to the fundamental facts of successful steam-railroad oper¬ 
ation. It is that expenses are l)y the train mile and receipts are 
by the ton mile. That is all there is to successful railroad oper¬ 
ation.” I came here this evening hoping that I would hear 
some formula of that kind that would give me an absolute grasp 
of the successful operation of electricity as replacing steam on 
the railroads. 

Me. Sprague: —Possibly I can give the gentleman some in¬ 
formation on that point. The South Side road in Chicago, of 
which I have spoken, was a steam road operated by Baldwin 
28-ton compound locomotives, hauling from two to five ears. 
The saving at the present time is about $500 a day for coal 
alone. They are also saving in transportation expenses. The 
actual cost of the operation of the road, exclusive of taxes and 
licenses, is seven and a half cents per car mile of 22 tons average 
weight, including passengers, and stopping at intervals of about 
2,000 feet, on a schedule of 15 miles an hour. 

No one here has spoken of the somewhat interesting experi¬ 
ment made in Geimany on long-distance transmission. Mr. 
Reicdiel, the chief engineer of the Siemens and ITalske Company, 
was here a short time ago and he told me of some experiments 
he had carried on in tlie transmission of an alternating current 
at 10,000 volts over a small line, from which the current was 
taken directly to the locomotive, on which w^as a transformer, 
connected with which was an alternating current^ motor. ^ His 
object, of course, was the reduction of the cost of transmission 
for spasmodic service over long distances, and with a small arc of 
contact to get a large amount of energy from a small overhead 
wire. I do*not know how successful the experiment was, but it 
at least was tried. But on the new Berlin elevated railroad they 
are going to use the continuous current at 700 volts. 

I notice, speaking about the cost of some things, that $80 to 
$90 was given as the cost of the central station per Idlowatt out¬ 
put. Tlie cost in the stations laid out in this city at present is 
over $200 per kilowatt, including engines, dynamos, switch¬ 
boards and spell proportion of the building as is required to 
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cover that particular unit. There has been some rise in prices 
in the matter of machinery recently. 

On some elevated roads ice is kept from the tliird rail by run¬ 
ning a fast car or train over the lines on seeing the approach of 
sleet. 'With the more or less reliable weather prognostications,, 
it becomes possible generally for a good weather man to state 
whether he is going to have sleet on the track or noh and some¬ 
times they run over the line and grease the third rail. That is 
done on the Brooklyn Bridge. It is sometimes done on the- 
main section of the'Fifth Avenue road. 'Where there are a 
number of cars in operation, and the main current is carried from 
car to car, then the shoes on the forward car are apt to break the 
sleet, and those on rear cars do their duty of supplying the main 
current. I have seen five cars coupled together in a train on a 
track very heavily coated with sleet, in which the forward cars 
broke the sleet coat completely, and there was scarcely an arc of 
any kind on the brushes which made the actual connection, be¬ 
cause there were so many connected together. 

Me. Gkoege F. Atwood:— I would like to ask Mr. Sprague 
or Mr. .Boynton if there has ever been any other form of collect¬ 
ing shoe tried than the ordinary type of shoe ? _ 

Mb. Speaoue:— I do not know of any that has been tried in 
every day use. The Union Electric company of Berlin proposed the- 
use of a side shoe. Sleet is not always formed on the top of the 
conductor alone. It is oftentimes formed on the side by the 
wind drift. In Boston proposals were originally made for cov¬ 
ering the tracks with a sort of shed. I don’t think that will be- 
carried out. The project in Berlin calls for a covered track, but 
I doubt if that will he finally adopted. Where you Lave a num- 
ber of trains in operation and can connect cars, you can almost 
always overcome any sleet storm which may occur. 

Mk Atwood: —You never use a rotary shoe, a side pressing- 


Me. Seeague :—Not that I am aware of. I used wheels my¬ 
self as long ago as eight years, on some experiments on -t-he- 
Third Avenue elevated, 34th street j but the ordinary sliding 

shoe is more satisfactory. » o 

Me. C. O. Mailloux I would like to have Mr. Sprague ex- 
olain the difference, if any, in acceleration obtained with his 
system of multiple control, as compared with the ordinary con¬ 
trol svstem. 1 have understood that there were advantages 
claimed for it, in so much that it enables the car to accelerate 
faster, or to reach its full speed sooner. This is a mattei of 
extreme importance in rapid transit, such as would be suitable 
for an elevited road. I had occasion to study the matter two 
or three years ago when they first discussed the matter of equip- 
ing the road, and discovered, much to my surprise, though it 
mfght have been easily anticipated from theory that there are 
Sations to the average or schedule speed [m miles per hour) 
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wliicli it is jHtssible to olitiiin on the elevated road, owing to the 
limitations of the velocity of ueeeleration. I was told at the 
time that Mr. Si)rugue was enabled to accelerate his ears faster, 
and that by being able to <lo so he was able to shorten slightly 
the scdiedule time between two stations. 

Mk. Si’haiu'k:— 1 'vill give you an e.xact comparison. As to 
curves and ara<ies tlu' Manluiitan elevated and the Brooklyn 
elevated ure'~almost identical in their conditions, and require 
about the same energy psu- ton-milefor any given schedule. On a 
six-car train, a schedule of about miles an hour, when the 
train is loaded, is barely possible with a hmomotivc car weighing 
about 40 tons e<iuippe(l with four motors of the largest size 
which are i)ractical to put under a car. They would be rated at 
f)(lO-imrse i)ower, hut that is excessive rating, considering the 
thermal characteristics, and they could iu»t stand the service. If 
instead of the inaqxirtion of weights on the drivers that that 
locomotive would givi^, these six cars are equipped, each car with 
two bO-horse power motors, it would he ])erfectly possible to go 
to a Ui-i mih! schedules or if e(iuipi>ed with two oU-horse jiower 
motors, inaking the same aggregate motor capacity on a six-car 
train which it‘is possible to get with a locomotive car, a 15 mile 
schedule can be made, with the distributed motor equipment, 
with identicallv th(> sam(.i powm- at the central station as would 
he rciiiiired td inake a schedule of Id-i miles with the 600-horse 
power localized on oiu; car. _ 

^ if the schedule, of 16^ miles were only reipured with the dis¬ 
tributed motors, there would be a reduction of about a million 
and a’half ilollars in the cost of delivering current to the car- 


^ 'Tliese are brieily the results of a good many calculations which 
Irive been made ‘with reference to roads with those particular 
conditions. The reason is that there are three kinds ol work ; 
liftiii"- of a <-ar on an up-grade, which is independent of the 
schedule: simph‘ traction, which is so much per ton, and is also 
perfectly imh'pendent of the schedule, except as the air pressure 
ifFects it: and inertia, which input into a car and thrown away in 
hrakiiiiiT. If you (mn a (*ar up to a certain speed, cut oli nie 
current, and then coast to a stop, it would be just as well to run 
the car that way as to ^o to Home less speed, then run along at 
a constant speed, and coast without any braking to a stop Ihe 
cneriry put into a car for the purpose of getting up speed varies 
as the square of the speed, so that the ilifference in inertia energy 
between' 20 and 25 miles is as 400 to 625. Under the con^ions 
exi.sting on the elevated railroads here and in Biooklyn, and for 
quite arrange of schedules, the energy per ton-mile varies nearly 
is the cube of the schedule speed. It runs up rather rapidh . 
About the most economical sjieod with the existing station da 
tances stops and grades is about 16 miles. 
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ATr Roynton -—There have been so many criticisms on this 
paSrthat it i^ impossible to reply to them all m the short time 
tlisif is left I would say that 1 was much interested in Mi. 
Spramie’s address on the subject, and have gained considerable 
iu&iation. I am not quite able to associate the multiple imit 
svstem of control with every condition of steam railroaamg. But 
tiere is no doubt that for most of the suburban conditions of 

traffic in cities it is applicable. 

1’he traffic with which perhaps I have had more to do than 
anv other is not exactly similar to suburban traffic. It is a 
traffic that does not consist of a great many trains running on 
freauent schedule. If one goes to a steatu railway manager 
ond BroDoses to equip a certain section of liis line with electricity, 
one can tell him all the different methods of employing 
electrical apparatus, but he will inquire about dohars and cents. 
He will place that at the bottom of every proposition you bring 
nil. If he has a million passengers to transport from one place 
to another in a year and you tell him tlnit yon can do it for consid- 
erablv less than it is costing, then he will listen to what you have 
to sav with interest. Nearly every one with whom I have come m 
contact in railroad business emphasizes that point. Of course it 
is the practical place to look. That is the principal reason why 
a sentence in the paper reads as follows: It is considered 

probable that a given number of passengers can be transported 
cheaper with aii^electric locomotive hauling a train of idle ears, 
than if all the cars or two or three of them wm^e motor cars.” 
The probability is that the total weight of the train would l)e less. 
The above statement is merely an opinion, for no tests have 
ever been made of the two systems, where the trains are com¬ 
posed of standard steam railroad coaches. It would seem as if 
the locomotive train would be considerably lighter as it is 
relieved of the weight of many motors and equipments. 

I differ slightly from Mr. Sprague in one other particular. 
Mr. Sprague remarked that he did not think that electric trac¬ 
tion would take place under what are now known as steam rail¬ 
way conditions ; tiiat is, it wdll not take place in the future under 
existing steam railway methods. I think it will have to begin 
in that way and perhaps gradually develop into a multiple unit 
system afterwards if traffic warrants it. There are a number of 
roads that are running under steam railway conditions ; electric 
trains and steam trains running on the same track ; wuth some¬ 
times only two minutes leeway between the electric and the 
steam trains. A practical point brought out by one or two 
speakers, that the service should require no time table, is a very 
important point. If the trains run at regular intervals, like 5, 
10, or 15 minutes headway, no time table is necessary then, 
and the public appreciates it. 

The use of storage batteries is undoubtedly going to increase.^ 
It is going to increase in more than one way. I have spoken of 
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a road that is run without feeders. We are at present instaiiing 
a storage battery on the end of the road, connecting it right 
across the end of the line. The train service is such ti^at that 
battery can be kept fully charged by utilizing the cm-rent when 
no trains are on that end of the line. Its tendency is of course 
to even up the potential along the line. Such a method of feed¬ 
ing a railroad, if you choose, is much cheaper as regards first 
cost than putting in a feeder of metal. _ 

In reo-ard to some of the other criticisms, I am oWiged to lli. 
Pope for clearing up the title of the paper. The object in 
writing it was simply to bring out a discussion of various points. 
As to'' some of the figures in the paper, I did not tnmk it was 
necessary to add a foot note to the effect that an employee of a 
corporation, such as I am, is not always alloweo 
act figures. Therefore, if 1 said from four to six kilowatt houis 
per train mile, and the actual figures obtained from tests with a 
wattmeter, voltmeter and ammeter on a tram was 5.1; i 
prefer to say four to six instead of 5.1, and by carefully 
certain parts of the paper, it will be seen that the 
weight of the trains, under consideration are stated with siitticieiit 
clearness. When it is said that power stations are built tor |.b0 
or $90 a kilowatt, perhaps I might say that I have seen one built 

for |S8—a large one at that, within three years. 

Me. Speague: —I did not mean to say that the multiple unit 
system was the one system applicable to all conditions of rai - 
way work. A great many conditions must necessarily be met in 
specific cases. What I had more particular y in mind was the 
handling of subnrhaii passenger service, which is the hrs ele¬ 
mental step from trolleys into steam railroad fields, and also i 
would not have it understood that I do not believe in the thor¬ 
ough practicability of operating steam cars over the same tracks 
as electrics. I have had 50 of each on the same tracks. 

Me. Eins I should like to have Mr. Boynton inform us it 
he will, as to the frequency of the train service on the particular 
line which he refers to, and of which he has charge. That is to say, 
how many trains are actually driven from the generating station 
at the same time, whether there is any lull worth speaking of be¬ 
tween them, or whether the schedule is so arranged that the gen¬ 
erating station has a practically constant load upon it at all 
That would throw some considerable light on the subject of the 
advantage on the line in questionof _ the train unit operations, 
that is, as to the relative merits of individual small units or long 


train units. , ^ 

Me Boynton:—! would state that I have a genera,! snpei- 
vision of several lines, and they are all different. The heaviest 
one, and the one that carries the most passengers, is per¬ 
haps more referred to than others. The train service on that line 
is half hourly, and to reduce it to the basis of the paper it means 
a half-hour train from each end of a 10-mile run passing in the 
middle. But there are other portions of the road dependent 
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upon the same power station, so that in the summer, with the 
electric heaters off, the load will vary perhaps from 200 amperes, 
which practically means one train, to bOO, which practically 
means four trains, and of course the starting of that number of 
trains will run this up considerably higher for a few moments. 
Mr. Pope and others have mentioned the subject of ice on the 
rail, and it is with us a most important subject, and I think to 
almost all railroads using this kind of a rail. Ordinary sleet, the 
shoes and stiff wire brushes will scrape off; there is no doubt 
about that. But there is a kind of sleet which I tried to describe 
in the paper (perhaps I did not succeed), which we will call a coat 
of varnisli, and you cannot get it off with an ax. You can chop 
it, and do anything you please to it, and it sticks like a brother. 
Nothing will move it, apparently, until the temperature changes 
and it loosens up, and if I am not mistaken, some of our elevated 
roads this winter have been tied up more than once from that very 
cause. Take that kind of ice and strike it with a knife or an 
ax, and you make a slot across it, which shows just where the 
edge struck it. Strike it in half a dozen other places, and you 
make half a dozen marks, and the sleet between the mai^ks is 
stuck just as tight as it was before, and that is the land of sleet 
which is hard to remove. Sleet that you can strike a blow, and it 
will fly off, gives no trouble. Upon such questions as this depends 
the successful operation of the road, and when the weather or 
some other iinforseen circumstance ties up the road for a few 
hours, it is rather humiliating, to say the least. 

I have recently been experimenting on methods of removing 
sleet from the track, using various substances upon the contact 
surface of the rail to prevent the ice from sticking to it, no 
matter what the temperature is. I have seen the railroad 
freeze up in five minutes when it was raining. ’ I have seen 
a car go through and the next car beliind it was stopped. I 
have recentU tried a piece of tool steel consisting of a plate 
three-quarters of an inch thick and perhaps ten inches square, 
sliding in grooves, controlled by a lever, by which you can 
push the plate down on the top of the rail in a vertical posi¬ 
tion, As far as we have tested such a thing it takes everything 
off the rail, almost including a chip off the steel rail, and it 
keeps itself sharp, so that it looks as if the problem was pretty 
nearly solved; but there are certain matters that have to be 
perfected, for instance, it is almost absolutely, necessary to slide 
the plate^ vertically, just as near the vertical as you dare, and 
then it vrill cut and will keep itself sharp, but if it is back of the 
vertical it loses a good deal of its cutting power, and it must 
also be so arranged that when it strikes a joint pr a break 
in the lail, it can back off and jump over and come forward 
again, which can be done by means of powerful springs. Those 
little points seem unimportant, but they are vital in running a 
road, and I am not aware that they have been solved yet. 

[Adjourned.] 
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Discussion at Chicago, Febkuart 28, 1900. 

Mb. Bion J. Arnold :—We recognize in Mr. Bojnton’s paper 
a careful analysis of the relative advantages of steam and electric 
traction, and a concise digest of the present practice in constant 
potential direct current railway work. Inasmuch as the paper 
gives the results of Mr. Boynton’s experience on a heavy direct 
current line, it is of special interest and benefit to electrical 
engineers, and should be to railway officials contemplating the 
equipment of their lines electrically. 

However, owing to the present state of transition, being as 
we are, between the direct current road and the alternating cur¬ 
rent road, it is hardly safe for any one to take a positive stand 
.and assume that we are going to coniine ourselves in the future 
to a direct current road. Mr. Boynton’s paper seems to point 
out many difficulties for which he is seeking solutions, that 
would not be present in case the alternating system were 
•adopted. I refer especially to rail bonding; to the question of 
working conductors, and the feeder system. It is possible that 
in the near future we shall see the direct current largely aban¬ 
doned for new construction, and our long distance roads opei*at- 
ing with alternating motors, probably at much higher voltages 
than at present seem practicable. In fact, it seems essential 
to increase the trolley voltage, if we are going to handle the 
heavy trains mentioned by Mr. Boynton, at liigh average speeds. 
When we consider that in order to make an average speed of 45 
miles an hour with a train weighing 100 tons, stopping an aver- 
age of once every three miles, it requires a maximum capacity 
of IbOO-horse power on each train, it will readily be seen that 
the amount of current at 700 volts becomes greater than can be 
•carried by any reasonable amount of copper, and by any known 
means of contact shoes or trolley wheels. This also applies to 
the bonding of the rails. For this reason the only practicable 
way is to increase the voltage of the working conductors, thus 
cutting down the current, and the cost of transmission lines. 

Regarding the cars, it occurs to me that the most probable 
solution will be the adoption of heavy cars for through traffic, 
equipped with motors designed especially for long runs and few 
stops, and lighter cars for the local or feeder service; this being 
practically the style of equipment that is adopted by steam rail¬ 
roads for similar work. Each car would be a motor car in itself. 
If the heavy train should ever be used for high average speed, 
and numerous stops, it seems necessary to equip each axle of 
each car with motors, for the reason that it is impossible to get 
sufficient adhesion to accelerate the train rapidly from but two 
pairs of traction wheels on each car. 

Mr. R. H. Fierce I agree with Mr. Arnold that this paper is 
most interesting as showing the present state of the art; but it 
aeems extremely doubtful if it will enable us to draw any gen- 
*eral conclusions as to what will be done in the near future in 
electrical railroading. 
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111 over a number of propositions where it has been 

X>r<jposed to use electricity for heavy trains at a, hi^h rate of 
speed, I have alwa^’s been forced to the conclusion that it was- 
eeonoinical to resort to polyphase transmission for distances con- 
siderajily less than 10 or 12 miles. I believe in most cases 
w'c AVI 11 reach the limit at about one half that distance. The dis¬ 
tance at which yon can transmit with direct current in many 
(tases is shortenecl up by grades which call for heavy current, in 
cases like those mentioned by Mr. Boynton, or even those rnen- 
ti(med by Mr. Arnold. Of course in each special case the dis¬ 
tance at which it is economical to transmit with a direct current 
depends upon the grades, and also upon the cost of producing 
power in that locality. 

Although it is true as Mr. Boynton says that up to the present 
time it has been impossible to operate trains witli alternating 
current motors, it seems as if the possibility of a solution of this 
])roblem in the near future ought to he considered in designing 
an electric road of this kind; and I am inclined to believe that 
the e(|iiipment of a road to-day with polyphase generators of low 
frequency may be considered a conservative step in Anew of the- 
possible, and not improbable, developments of the alternating 
current motor in the near future. Of course such a system at 
present Avould mean the use of sub-stations with rotary trans- 
formesrs, as referred to by Mr. Boynton. 

Inasnuich as 1 stand in Mr. Boynton’s place here this even¬ 
ing it is lurclly becoming in me to criticise any of his .statements,, 
but it would seem as if there might be a difference of opinion on 
some of his conclusions as to the best methods of obtaining cer¬ 
tain results. In speaking of the matter of feeders, lie comes to 
the conclusion that steel is cheaper and more satisfactory. I 
doubt if experience has shown this to be so. Where steel has- 
been used for feeders in the past, second-hand rails have fre¬ 
quently been used, and when you considerthe difficulty of bond¬ 
ing these, as fully explained by Mr. Boynton, it is evident that 
these rail circuits have been very poor conductors. There seems 
to be a great scarcity of data on this subject. I note that one of 
the leading authorities assumes that a steel rail will have a con¬ 
ductivity of one-sixth that of copper, of ecpial weight; and this 
figure has often been taken for granted by railroad men. I 
note, however, that in a paper which was read not long ago before 
the Institution of Electrical Engineers of Great Britain the 
ligures showed that the conductivity of steel was in many cases, 
only one-tenth or one-twelfth that of copper. When the resist¬ 
ance of the bond is taken into consideration and the cost of bond¬ 
ing, which Mr. Boynton says is $2 a joint for heavy bonding,. 
I think it probable that many of the steel circuits which have 
been put up, have prov^en more expensive than copper would 
have been. At the present market price it seems that aluminium 
is cheaper than copper, and probably cheaper than steel. 
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In regard to tlie electric lighting of station.^, it seems to me 
that an enterprising electric light company could furnish a satis¬ 
factory light cheaper than the'railroad company could do it by 
the method shown here. This method contemplates the use of 
120 volts for lighting, and the throwing away of the ditference 
between that and about 700 volts in resistance, which would 
mahe an efficiency of only about 20 per cent;, discarding the loss 
in the battery, and at the same time calling for an investment of 
$900 on a 60-light jdant which would be an investment of about 
$300 perkilowkt. There are other successful way.s of producing 
cheap lights at present. 

This reminds me of one case whei'e a station agent very care¬ 
fully figured out how much he could save over the use of gas 
by purchasing electric light from a local company. He sent his 
report in to headquarters, ano was informed that aftei figuring 
it over they had come to the conclusion that he could save still 
more by burning kerosene, and therefore he should discontinue 

the use of gas. -,■> 

Mr. Geo. M. Mater I move a vote of thanks to Mr. ±>oyn- 
ton for his very able, instructive and interesting paper. 

Motion carried unanimously, and the meeting adjourned. 


[Communicated after Adjournment by M. H. Gerry, ’Jr.] 

The paper of Mr. E. C. Boynton contains inuch interesting 
information, and is a valuable''addition to the literature of this 
Bnbiect. Its title, however, suggests to the writer the pertinent 
question, which has often occurred to him in considering e ectric 
traction problems, whether it is well to follow too closely the 
precedents established by practice in railroading under the pres¬ 
ent steam locomotive conditions. Certainly, practice long estab¬ 
lished and demonstrated as correct, should not be hghriy cast 
aside without good reason, but in this case it is well also to con¬ 
sider the changed conditions which electric power introduces. 

Modern railroading is the result of a vast amount of practical 
experience in adapting direet steam pov^er to the economical 
transportation of freight and passengers It is both interesting 
and instructive, however, to remember that the early attemph 
at steam locomotion were in the line of traction engines, and 
were directed to adapting the new motive power to common 
roads and wagon conditions. Even after steam_ was applied to 
the early tranWays, we can trace from the old prints the natura,! 
attempt' to adapt the stage coach to the new order of 

Everyone is familiar with the later metamorpho,=e of the street 
railway. We have seen the small horse car, without trucks, and 
running on light flat rails, pass away, and its place taken by the 
3ern electric car on the heavv track construction of to-daj. 
The new motive power made possible a desirable change ii o] 
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eratbg conditions in the direction of better and more efficient 
service, and this in turn, has had its effect, and has extended the 
business to its present vast proportions. This development has 
been due, not to a saving of so much per car mile, but to the 
greatly increased traffic resulting from the better and faster 
service. 

All this applies to steam rail ways in a certain degree. The traffic 
on many lines is becoming congested at times, and there is 
an ever-increasing demand for faster service both for freight 
and passengers. The speed of all freight trains and the num¬ 
ber oi fast freight trains in service has increased enormously in 
late years, and there is an ever growing demand for such service, 
as railway traffic-men know. To meet these conditions the rail¬ 
roads are adopting very heavy locomotives in order to obtain 
sufficient power and traction, and have been further forced to 
reduce the weight of their fast passenger and freight trains. 
jSTow, this sacrifices economy, because in operating under loGO- 
motive conditions the heaviest train is always the cheapest train. 
8peed, however, is demanded, and it is impossible to obtain loco¬ 
motives of suflicient power and traction to haul the heavy trains 
at high speeds. Even if locomotives of vastly greater weight 
and power could be obtained, and the track and bridges made 
sufficiently strong to support them, still a point in speed is soon 
reached when the weight hauled behind the locomotive becomes 
too small to be profitably handled ; that is, the weight of the 
locomotive and tender becomes abnormally great, compared with 
the train. It is possible to obtain from steam locomotives, 
about any practicable speed (seventy or eighty miles are common 
enough), but the difficulty is to accelerate and haul a train of 
sufficient weight to make it pay. Here we reach the limit of 
profitable speed with locomotive power. 

The entire weight of engine and tender is of course dead 
load, and in fast service becomes of great importance. The 
writer averaged the train weights, the engine and tender weights, 
and the speeds from the fastest passenger train in service on 
each of ten representative American roads, and found the aver¬ 
age speed at about fortj;^ miles per hour, and the locomotive and 
tender weights about forty per cent, of the weight of the train 
behind the tender. In special fast mail service, and sometimes 
in suburban passenger service, the percentage is even greater. 
The writer called especial attention to this matter of locomotive 
traction and dead weight in a paper before this Institute in 
1897.^ 

Another consideration of importance is the accepted fact 
among railroad men that to successfully handle a large number 
of trains, it is essential to keep the average speed nearly the 
same ; the greater the number of trains, the more important this 


Transactions, 1897, vol. xiv., p. 353. 
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becomes. lleiK-i>, of late years there lias been a general speed- 
ino- up of all train.s, and this sliced ])roblem is one of tlie most 
serious whhdi railroad men have to face. . i . ■ 

"Now what relation has the above to the question of electric 
motive powerdust this, that there is a call at the present tunc 
for an improved service, and that it is becoming more and more 
difficult with steam locomotives to keep pace with the eyer- 
increasing dmnands of railway transportation, lienee, there is a 
field for electrical motive jioMor, in a direction where it is 

known to have .great advantages. 

Electrical traction means centralization of_ the power gmierat- 
ing machinery. The more this centralization takes place, the 
.greater the advantage. Electrical transmission has developeil 

until liftv or sixtv miles is an entirely practicable distance toi 
transmitting power’. Tims the generating stations niay be f rom one 
hundred to one hnn<lred and twenty miles apart, and 
tance is sufficient for all practical purposes. 1 he 
is not now in generating or transmitting the jiower as alternatin 
current but in its iitilizatioii in railway motors, lo make iisool 
direct current motors, involves the estiiblishmeiit of rotary-con¬ 
verter sub-stations, and this not only introduces serious comphea- 
tions but it counteracts to a material extent, the advantages 
o-ained bv longdistance tniiiHinisBion. The first great need at 
tliistiine, in cm.nection with the introduction of electric ]>owcr 
on long railway lines, is the ailaptatioii of the alternating motor to 
^ ^ -.- be done the ’W'riter has no doubt 


this service. That this can 


Li. 1 mill t .^ 1*1 

whatever. The snhjeet has not had the wide consideration which 
it merits, in view of the possihilities it would open up for the 

introduction of electric motive power. There ^ 

a general impression among engineers wlio have not espcually 
considered the matter, that there is some iiihereiit reason why an 
alternating current motor cannot he used. Eiieli impressions are 
erroneous. Tlie induction motor has simply not, been especially 
developed in this line. It is certainly alxmt the trsim 

motor for power [iiirposes, ami by virtue of its ' 

nlicity and other desirable qualities, it is es]iccia ly fitted for the 


lioavier ainl faster railway service. ^. 

qiiired is not a serious (.bjectuni, eximpt, perhaps, (ui ov^^^^ 

txolley Hues. An induction motor is, lu many respects, a much 

more'flexible machine than the onliiiary senes hallway 

and it can he so designCil as to give a better f. 

toripie curve for most kinds of railway service. S® 

cultioH in the matter of control, but they are relatively 

those which have been more or less Rucccssfully met in 'aBe 

of the series ilirect current motor. !<■ slioiih 

that the induction motor has been doyeloiied thus lar asa Htati m- 

ary motor with special view to obtaining constant speed, hi^h 

Xionev and l.if,-!. tantor. To adapt tI.o l";'"'; 

to railway purposes, will of course require a considerable amount 
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of development work, but in view of the great benefits to be 
derived, it would seem to be justified. Whenever the alternat¬ 
ing current motor is perfected for railway work, all the other 
problems in connection with the transmission and distribution 
of power through the transformers can be quite readily solved. 

In regard to the methods of applying the motors to the train, 
the writer holds to the opinion that for general purposes ilxeloco- 
motwe construction should be abandoned, and the motors placed 
on t)ie cars (preferably on every car, but not necessarily so), and 
controlled from the head of the train. This is both theoretically 
and practically the best method, and will especially apply to the 
railway conditions mentioned in the first part of this discussion. 
Kailway motors may yet be as simple as air-brake apparatus, and 
when this comes there will be a great development in applying 
electric power to standard railways. It is the alternating current 
motor that we need now. 

If electric power is ever applied largely to standard railways 
the winter fully believes it will work a revolution in railway 
methods, and that there will be a decided change in the design 
of rolling stock. Such great and important changes must come 
slowly, still the general adoption of electric motors may not be 
as far off as we suppose at this time. 

Helena, Mont., March, 1900. 
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[Communicated Aetee Adjournment by Gael Kinsley.J 

In common with all those who have occasion to compare capa¬ 
cities, I am exceedingly interested in the method proposed by 
Dr Pupin. Since the time of Maxwell we have understood that 
absorption is due to the heterogenous nature of the dielectric, but 
the measurement of the capacity where we have such a dielec¬ 
tric, as for instance, long cables, is difccult and the results still 
uncertain. The apparatus exhibited was connected as used by tne 
Gott method of measuring capacity when a direct current is em- 
nloved. This has been found to be probably the most satistac- 
tory of the many possible methods when there is trouble with 
absorption and leakage. But instead of using a sine wave such 
as Dr. Rowland (Philosophical Magatine, January, 1898) used 
with his dynamometer zero power methods, an induction coil is 
employed which gives a wave rich in overtones._ ihe ettect _ot 
absorption can be expressed by assuming a resistance in series 
with the condenser. How largely this depends on the period 
was shown by Dr. Penniman, ^Philosophical Magazine, Janu¬ 
ary 1898, p.' 70) who found in one case at a frequency ot 14.0 
complete periods per second an apparent resistance ot 139.6 ohms, 
while at a frequency of 131.1 the apparent resistance was only 
5.2 ohms. The importance therefore of knowing the exact peri¬ 
odicity of the current used and of having a high period is ap- 


^ When the Gott method of measuring capacity is used, the 
effect of both absorption and leakage is to increase the apparent 
capacity. The standard, a mica condenser, has negligibly small 
absorption. The longer the interval of charge is taken the 
greater becomes this apparent increase of capacityiliis is 
strikingly shown in the case of the following cable, which is en¬ 
tirely typical. Two rubber insulated wires of the cable were 
used. Their insulation resistance was_ high. About one-halt 
mile was unarmored aud trenched, while one-half mile, which 
was armored, was lying in New York harbor. The lowest capa¬ 
city was obtained by a buzzer and telephone. In the second ob¬ 
servation the interval was estimated at one-fourth second, the 
charging key being merely tapped to close the circuit, while the 
galvanometer remained connected. 

From the shape of the curve it is seen that when the time in¬ 
terval is small it must be determined accurately. With commer¬ 
cial condensers of the beeswax-rosin type, the variation of ap¬ 
parent capacity with time of charge is not so pronounced. Cer¬ 
tain ones that are rated at one-third microfarad each show that 
value after a five seconds charge while after a one-fourth second 
charge their value is 0.292 m.f. and with a buzzer 0.287 


^ For scientific accuracy the electromotive force shouldbe a sine 
function of known period. 
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When the capacity of cables and condensers for telegraph 
service is to be determined, the measurement with an alternating 



Fig. 3.—Gapacit)^ of Cable with Varying Time of Charging. 

current will not give the value that must be used in calculations. 
Uni-directional charging for a suitable time interval will give 


TIME IN SECONDS 
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better values. Possiblj there exists a definite relation between 
the values obtained by alternating, and those usually found with 
direct current charging. A careful correlation of the various 
empirical methods heretofore used and the proposed alternating 
cu^ent methods of measuring capacities would be of great value 
^ ^ ^ practical engineer and the laboratory experimenter 

ihe actual capacity chaugee but little, if at all, with a change 
01 frequency. In commercial condensers (on alternating current 
circuits) the heating is usually caused by the absorption. Eosa 
ana fewith Remew, January, 1899) came to that con¬ 

clusion though they quoted Boucherot {REclairage Eleciyriqm, 
February 12, 1898) who found that the leakage current alone was 
responsible. In faulty cables it is quite probable that a good 
deal of energy will be dissipated by the leakage current, m 
would have the effect of resistance in parallel with the capacity 
and It will be unaffected by the periodicity of the current. It 
may be possible to separate the apparent resistance of absorption 
trom the dielectric resistance by varying the frequency The al- 
ternating current method is the only one that can be used when 
KrtAA® leakage. With a buzzer, for instance, when even 

SOOO ohms of non-inductive resistance is bridged across the cable 
terminals, already mentioned, the capacity rose to 0.O75 m-f. in¬ 
stead of the 0.070 found with the high insulation resistance. No 
dpect current method could be used at all under those trying con¬ 
ditions. The great value of the proposed method of determin¬ 
ing the capacity is shown by the preceding illustration and 
It should be made one of the regular methods for making 
such measurements. " " 


Grover nor’s Island, 

N. Y. Harbor, March, 1900. 
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DIED, 

Oreene:— At Schenectady, N". Y., January 8th, 1900, by accidental drowning, 
Samuel Dana Greene, Assistant General Manager of the General Electric 
Co. Mr. Greene was born in New York City, on October 24th, 18C4. 
Graduated from the U. S. Naval Academy in June, 1883, after a regular 
four years ecurse, followed by a special course of one year at the G. S. 
Naval Torpedo Station at Newport, R. 1. He resigned from the navy 
in June, 1887, and went with the Sprague Electric Railway and Motor 
Co. as Assistant Electrician and subsequently became Chief Engineer. 
In 1889, he became xAssistant General Manager of the United Edison 
Mfg. Co., and afterwards Manager Central Districts. When the General 
Electric Co. was organized he was appointed Assistant to 2d Vice-President, 
and General Manager Sales Department, and subsequently Assistant Gene¬ 
ral Manager. Mr. "Greene was elected an Associate Member of the Institu¬ 
te September 20th, 1893, and transferred to full membership April 18th, 
1891. In Ma7, 1899, he was elected one of the Managers of the Insti¬ 
tute which office he held at the time of his death. 

Hamblet At his late residence, 20 Sidney Place, Brooklyn, on January 2d, 
1900, of pneumonia, James Hamblet, Manager, of the Telegraphic Time 
Service, Western Union Telegraph Company, New York City. Mr. 
Hamblet was born in Boston, June 16th, 1824, was engaged by William 
Bond & Sons as electrician about 1852. He subsequently became a 
member of the firm of Edmonds and Hamblet, manufactiirei's of fine 
mechanism. Since 1878, Mr. Hamblet has been identified with the Western 
Union Telegraph Company. He was elected an associate member of the 
Institute November 1st, 1887, and was transferred to full membership 
December 6th, 1887. In May, 1891, he was elected a Manager of the 
Institute, continuing until the expiration of his terra in 1894, when he 
was elected a Vice-President for the usual term of two years. 
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New York, March 28th, 1900. 

The 141st meeting of the Instittitb was held this date at 12 
West 31 St street and was called to order at 8:30 P. M- by Man- 
ager Charles P. Steinmetz, who gave the floor to the Secretary 
to make the usual announcements. 

The Secretary:— At the meeting of the Council this after¬ 
noon, the following associate members were elected. 


Name. 

Babson, Arthur C. 

Baron, Max D. 

BiiAOKWELL, Francis 0. 

Bstbrlinb, *T. Walter 
<1 

Fish, Fred. Alan 

Foo, Carl F* 

Maoomber, Irwin John 

Marsh, Hari^y Bowman 


Address* 


Endorsed by - 


Student. Electrical Engineer¬ 
ing, University of California, 
Mechanics Building, Berk¬ 
eley, Gala* 

Outside Superintendent for 
Harry Alexander; residence, 
61 Bast 75th St.,N. Y. City. 


Clarence L. Cory. 
W. A. Lynn. 

K. S. Masson. 


A. S. Hubbard. 
Fred’k Saxelby. 
Harry Alexander 


Engineer, Power and Mining Chas. A. Bradley- 
Dept., General Electric Com- Ernst Berg, 
pany, Schenectady, N. Y. D. R. Lovejoy. 

Instructor, Electrical Depart- Frederick Bedell, 
ment, Purdue University. C. P. Matthews. 
Lafayette, Ind. W. B. Goldsborough. 

Assistant in Electrical Bngi- B. P. Thomas, 
neering, Ohio State Univer- Frederick Bedell, 
sity, m West 11th Avenue, F. 0. Caldwell. 
Columbus, Ohio. 


Electrician, General Electric W. 0. Fish. 

Co.: residence, 29 Commer- Elihu Thomson, 
cial St., Lynn, Mass B. B. Boyer. 

Professor of Electrical Bngi* Bdw. L. Nichols- 
neering, Armour Institute of H. J. Evan. 
Technology ; residence, 432 Frederick Bedell. 
34th Street, Chicago, Ill. 


President, The Advance Elec¬ 
tric Co., 8 West Market St., 
Indianapolis, Ind. 


W.B.Godsborough- 
Harold B. Smith. 
Ralph W. Pope. 
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Morehead, John Motley 
Mortimer, James D. 

Offinger, Martin Henry 

Eushmore, Samuel W. 
Shaw, Aubrey Norman 
Stutz, Chas. C. 

Total, 14. 


Engiaeer, Union Carbide Co., 
157 Michigan Ave., Chicago, 

Student, Electrical Engineer¬ 
ing, University of California, 
Mechanics’ Building, Berk¬ 
eley, Gala. 

Head of Electro-Mechanical 
Dept., Buffalo Commercial 
& Electro Mechanical Insti¬ 
tute ; residence, 304 Pine 
St., Buffalo, N. Y. 

Proprietor, Rushmore Dynamo 
Works, 24 Morris St., Jer¬ 
sey City, N. J. 

Draughtsman, A. B. See Mfg. 
Co.; residence, 298 Carlton 
Ave., Brooklyn, N. Y. 

Chief Draughtsman, Sprague 
Electric Co.; residence. 53 
West 71st Street, New York 
City. 


I. R. Edmands. 

P. M. Lincoln. 

W. R. Kenan, Jr. 

Clarence L. Cory. 
Wm. A. Lynn. 

R. S. Masson. 


Bdw. L. Nichols. 
H. J. Ryan. 
Frederick Bedell. 


M. J. Wightman. 
J. E. Woodbridge. 
Joseph Wetzler. 

A. B. See. 

Samuel Sheldon. 
A. Treadwell, Jr. 

George Hill. 

F. A. Scheffler. 
Geo. B. Damon. 


And the following associate member was transferred to full 
membership. 


Frank W. Brady Professor of Engineering and Physics, New Mex¬ 

ico College of Agriculture and Mechanic Arts, 
Mesilla Park, N. M. 


The returns from the nominations were canvassed this after¬ 
noon by the Council and the following nominees were selected. 
Fob President: —Carl Hering. 

Foe Yiob-Peesidents:— Gano S. Dunn, Arthur Y, Abbott 
W. L. R. Emmet. ’ 

Foe Managers :—W. S. Barstow, Calvin W. Rice, Cary T. 
Hutchinson, Ralph D. Mershon. 

Foe Seceetaet: —Ralph W. Pope. 

Foe Teeasueer George A. Hamilton. 

The Chairman :—The next business in order is the reading 
of a paper by Mr. Joseph Sachs on “The Evolution of Safe and 
Accurate Fuse Protective Devices.” I give the floor to Mr. 
Sachs. 



A paper presented at the 141st Meeting of the 
A merican Institzite of Electrical Engineers^ 
New York^ March 2Sth^ iqoo. Manager Stein~ 
metz in the Chair. 


THE EVOLUTION OF SAFE AND ACCDEATE FUSE 
PEOTECTIYE DEVICES. 


BY JOSEPH SACHS. 


Peesent Status of Fuses. 

So much has been said and written of the shorteoniine^s of the 
so-called safety fuse, that another discussion in this direction 
would certainly be but the raising of an old and well known 
ghost. Aside from Yoluminous other literature, the Teansactions 
of this Institute record an ample array of investigations, tending 
to show the unreliable and far from satisfactory behavior of fuse 
metals, as commonly used under various conditions, and in many 
instances, indicating directions in which the action of such ap¬ 
pliances may be greatly improved. Material improvement has 
been made in the blocks and bases for receiving these electro¬ 
thermal safety valves, but improvement in this direction partakes 
very much of the character of a quarantine instead of a prevention 
or cure for the disease. Notwithstanding the refinements and 
precautions adopted in the installation and use of these essential 
appliances, they are considered more a necessary evil than a safe 
and accurate protective device, whose addition to any electrical 
service would eliminate instead of, as in many instances add 
another danger element. In view therefore, of the universally 
poor reputation of fuse cut-out appliances and their failure to 
satisfactorily perform the service for which they are intended, 
the materialization of the promise held forth in the title of this 
paper may warrant a re-discussion of the fuse problem, with par¬ 
ticular reference to the conditions and principles on which this 
much desired device is based and operates.’ 
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With the object of producing a protective device which could 
lay claim to safety and accuracy in fact and notin name only, the 
writer began a series of experiments several years ago. As a 
result of these experiments, a new form of fuse protective device 
las been developed which from extensive tests and various kinds 
of actual service has shown itself safe and accurate. This device 
is of the so-called enclosed fuse type which in several perfected 
orms has recently attained particular prominence, and which 
promises to be the cure-all of fuse difficulties. 



Fig. 1.—Edison Fuse Plug. Pig. .3,—Soft Rubber Tube Puses.' 



PtQ! 3.—EdLson Enclosed Fuse, Pig. 4.—Fuse in Center of Close 
Patent of Ma.y 4, 18 S 0 . Fitting Insulating Cylinder. 



Pig. 5.— Fuse encased between 
two Insulating Blocks. 


Fig. 6 — Fuse in Centrally 
Vented Holder. 


JBroadly speaking, the name “ enclosed fuse” may be applied to* 
any fuse-strip, covered encased or surrounded bv a jacket, box or 
shell of some kind. Considered thus, probably the earliest device 
used in common practice fulfilling these conditions is the now 
famous Edison fuse plug, Eig. 1, whose tremendous success is 
lUHiuestionably due to the facility with which it can be manipu¬ 
lated and the partial protection of the surroundings from the re¬ 
sulting effects of fuse disruption. 
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The value of such encasing of the fuse was fully appreciated 
even earlier than this, as is shown by a patent to Edison, Fig. 2, 
in 1880, which may be considered as the beginning of enclosed 
fuses. Fuses surrounded by abestos wrappings, close-fitting rub¬ 
ber tubes, threaded through and placed between blocks of insu¬ 
lating material, and placed in two-part blocks which formed practi¬ 
cally a casing around the wire have followed. [See Figs. 3, 4, and 
5]. For use on high potentials, a variety of fuse cut-outs have 
been used in which the fuse wire is placed in a hollow handle or 
holder of insulating material and equipped with terminal pieces 
to which the fuse wire is removably connected, and so construct¬ 
ed that the arc resulting from the blowing of the fuse is more or 
less destroyed by various mechanical arrangements or blowm out 
by the rush of the air in the handle to the exterior as shown in 
Fig. 6. 

The name “ enclosed ” or “ cartridge fuse ” is, however, to-day 
particularly applied to fuses in wdiich the fusible strip is placed 
inside of a tubular holding sheath or jacket which is filled with 
some yielding porous or similar insulating material through which 
the fuse wire is threaded, and which more or less fills the space 
between the wire and inside of the tube. The wire, tube and 
filling are made one complete self-contained device with suitable 
terminals at its ends. Such jacketed and insulated fuses possess 
peculiar features. The jacket if properly designed gives to the 
very deficient fuse the essential accuracy and safety aside from 
various other desirable additions. 

At the present time enclosed or cartridge fuses may be divided 
into tw^o distinct types, both of which embody the same general 
elements but differ in their disposition. In both, an enclosing tube 
entirely encases the fuse and a filling material of the character 
named, is placed in the tube around the wire. The difference in 
these two types simply consists in the composition and arrange¬ 
ment of the filling around the fuse. The simplest form is pro¬ 
bably that in wdiich the filling entirely surrounds the fuse wnre 
and completely fills the interior of the tube. The other form 
involves the arrangement of the filling material around the wdre 
so as to leave a portion of the fuse uncovered thereby, and sur¬ 
rounded by an air-chamber usually located about centrally in the 
tubular casing. Both of these types inherently possess great 
features of advantage over an exposed fuse wire. Their opera¬ 
tion under various conditions of electrical service is, however, 
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generally governed by the same basic, electrical and thermal laws. 
The features inherent in each have received careful study and in¬ 
vestigation, and this paper is intended to discuss the conditions 
governing the protection of electrical appai-atus from excess cur- 
, rent, the particular manner in which this new form of fuse pro¬ 
tector fulfils these conditions, and the relative advantages of each 
of the two types. 

General Principles of Excess Current Protection. 

An abnormal current existing in an electrical appliance tends 
to cause injury and damage due to heat, sparking, and mechani¬ 
cal and electrical strains and effects, either on the part of the 
electric apparatus itself or its driving or driven machinery. In 
the first two, the duration orjtime interval of the injurious effect 
enters into the resulting damage or injury as a direct function. 
The third effect may in some cases cause injurious results in so 
short a time interval that its action may be said to be almost 
instantaneous under certain extreme conditions of abnormal current 
flow. 

On all constant e. m. f. systems under normal conditions of 
operation, an abnormal current is due to a decreased impedance 
in the combined circuit acted on by the e. m. f. The two ex¬ 
tremes of this abnormal condition are termed “ overload ” and 
“ short-curenit.” In both, the current flow is limited to the con¬ 
dition stated, but in the former the change in the normal condition 
of the circuit is slight as compared to the latter, when the circuit 
has been reduced to what may be said to be a minimum imped¬ 
ance. The interval in which these conditions cause injury with 
a certain normal current carrying capacity in the apparatus or 
circuit, may be quite an appreciable time in the ease of the so- 
called over-load, or it may be so instantaneous that the time inter¬ 
val is inappreciable in the case of short-circuit, where the current 
assumes an enormous value with extreme rapidity. Altogether 
the question of injury from excess current may be simply stated 
as being dependent upon the abnormal energy impressed on the 
complete circuit or any particular portion thereof. 

All electrical apparatus is intended to, or should carry a nor¬ 
mal load current without any injurious effects indefinitely, and 
it will carry an excess current for a time interval depending in¬ 
versely on the amount of excess above the normal current before 
suflScient energy has been transformed to produce in jury. Slight 
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inonientarv rashes, or an excess current of short duration ivill not 
cause injury to the apparatus if the total energy developed is 
within the excess limit of the apparatus. Such changes in the 
current conditions occur, however, in a very large percentage of 
electrical apparatus and to open the circuit in these cases every time 
this occurs without taking cognizance of the time of its existence, 
is a fallacy unless governed by conditions other than the protec¬ 
tion of the electrical apparatus from the abnormal current. 

Since, however, the various elements of the complete circuit 
have a limitation in their current-carrying capacity, a short- 
circuit must be instantly checked, as such comparatively 
enormous current rush may apply sufficient energy to many 
times exceed the instantaneous overload capacity of any 
particular portion of the combined circuit. In current-producing 
and converting apparatus, the sudden equivalent mechanical 
strains in the machine and its connected parts due to this effect 
are added to the heating strains. Not only is it, therefore, of the 
utmost importance to limit the maximum value of this enormous 
rush of current, but after the maximum has been reached and 
some part of the combined system gives way, an equally instan¬ 
taneous drop of the current to 0, may under certain conditions 
cause results, which, although of another character are perhaps 
equally severe. The instantaneous removal of such excessive 
loads, taxes the governing appliances of the driving machinery, 
and also on inductive circuits taxes the insulation, due to the pro¬ 
duction of excessive potentials resulting from such breaking of 
the current. 

For the protection, therefore, of the electrical apparatus alone 
without regard to other conditions which may affect its opera¬ 
tion, an excess current protective device fulfils every condition if 
it possesses the following features: 

1. A definite, unchangeable maximum continuous running 
current-carrying capacity. 

2. A constant definite energy overload capacity depending 
inversely on the overload, and adjusted with the allowance of a 
reasonable safety factor for the apparatus to be protected. In 
this respect the protective device should be like the apparatus pro¬ 
tected, uninjured by a excess of momentary or shorter duration 
than the time interval causing injury. In other words, it should 
simply be a device whose factor of safety is less than the device 
to be protected, but whose operation is based on the same gene- 
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neously on short-circuit and in a time interval inversely depen¬ 
dent on the amount of ordinary overload. 

3. Its operation should be safe under any condition of ab¬ 
normal current at the voltage for which it is intended. Ho de¬ 
vice can be universally safe in its self-contained form unless the 
aivanu explosive efieet coincident with the rupturing of the circuit 
under any condition is entirely suppressed. The device should 
not only prevent damage to extraneous surroundings but should 
be non-destructive to all connected parts other than those directly 
operative. 

Features of Thermal Cut-outs in Common Use. 

notwithstanding the many statements to tlie contrary, no 
similar electrical device is based on simpler, or even as simple 
operating principles as the thermal cut-out, as it may properly be 
called. The generation of heat in any current-carrying conduc¬ 
tor is a well understood phenomenon. The rise of temperature 
in this conductor, due to the heat energy imparted to it, is gov¬ 
erned by well-known conditions. If these conditions could be 
made fixed instead of constantly varying (piantities, accuracy and 
certaintj’ of action would result. 

The heat energy imparted to a section of conductor by a cer¬ 
tain current flowing for a definite time is a fixed quantity. The 
teinperatuie attained in this conductor depends simply on how 
much of this beat energy is thrown from the conductor during 
that particular time inlerval. It is entirely obvious even without 
the various experimental investigations on this point, that any 
condition that varies the amount of heat eneigy taken from the 
conductor, varies the temperature attained, and hence the carry¬ 
ing-capacity of the conductor, since the melting of the metal is 
dependent thereon. The several ways in which this heat is dis¬ 
sipated from the ordinary air-exposed fuse conductor is entirely 
familiar to all electrical engineers but fuses always have been, 
and, are now, and in the case of open air fuses, probably always 
will be used indiscriminately without regard to these simple facts, 
and yet constancy and accuracy are expected. 

Perhaps even more serious, however, than accuracy is the 
lack of safety in the ordinary exposed fuse. On this score a 
multitude of transgressions are heaped up against fuse devices of 
such types as have been in use a dozen years on nearly all classes 



1900.] 


SACHS ON FUSE PROTECTIVE DEVICES. 


137 


of high and low voltage services. ISTo exposed fuse is safe (con¬ 
sidered from the standpoint of fire hazard to its surroundings). 
The destructive and dangerous arcing of all exposed fuses when 
ruptured bj excess current and particularly short-circuit condi¬ 
tions at the higher potential must be entirely and not partially 
eliminated before the fusible cut-out can be considered a perfectly 
satisfactory protective device. Even when a fire-proof housing is 
provided, safety is not absolutely assured. This serious objection 
to all open fuses is becoming more, rather than less serious in its 
aspects in view of the introduction of higher potentials and 
enormous generating capacities. 

Aside from the shortcoming already stated, air surrounded 
fuses have other failings, prominently amongst which is the oxi¬ 
dation of the metal when subjected to lieat, to which probably 
as much of the unreliability of such fuses may be attributed as to 
the conditions already stated. The formation of an enclosing en¬ 
velope of oxide around the commonly used lead-tin alloy fuse 
wire is in many instances sufficient to hold the metal in a molten 
condition. The effect of such a condition is entirely obvious and 
well appreciated. The ease with which the cross-section of ex¬ 
posed fuses may be decreased by accident or otherwise ; the posi¬ 
tion of the fuse, whether vertical or horizontal, the straight or 
irregular arrangement of the strip between its terminals, and the 
contact between the fuse and circuit contacts: all have their 
effects on the carrying capacity and are deficiencies w^ell under¬ 
stood and thoroughly appreciated. It is true that the use of a 
strip of fuse wire between terminals of better conducting metal 
would partially eliminate some of these bad features if an abso¬ 
lutely standard length between contact posts or screws were as¬ 
sured, but the loose practice of the past did not indicate any ap¬ 
preciation of the fact that any piece of porcelain having several 
brass stampings or castings mounted upon it is not necessarily a 
safe and accurate mounting for the simple yet delicate device 
whose exactness of operation can only be arrived at by definitely 
fixing all the conditions upon which its action depends. 

Aside from the inherent deficiencies of open fuse wires and 
links, the makers of such appliances are very much to blame for 
an absolutely loose and slipsliod method of rating fuse wires and 
strips. The following matter is copied from three labels taken 
from spools of commercial fuse wire of different manufacturers. 
Such labels vary in indefiniteness from simply an omission of 
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the time of fusion to an omission of everything except so many 
amperes with the appended guarantee. It would certainly ap¬ 
pear that this particular rating would be equally definite if the 
label simply informed the buyer that the wire he purchased was 
fuse wire. It certainly would have required less trouble in get¬ 
ting up the label and no more for the purchaser to discover 
whether 25 amperes was the blowing current, the maximum in¬ 
definite carrying capacity of the wu're, or some other current that 
the wire would carry, and in what length and under what condi¬ 
tions it wmuld carry this current. Lamps sold without any state¬ 
ment as to the voltage for which they are intended, almost cor¬ 
responds to selling fuse vdre by simply stating some current that 
it may or may not carry. 


A. 

Cakrying Capacity, 10 Amperes. 

Fusing point in open air at 70^ 2 inch piece at¬ 
tached to Copper Terminals, 19 Amperes. 


B. 

Diam. .127 

This rating is based on fuse wires V' long with 
copper tips. Amperes 75. 


C. 


25 Amp. 

Tested Fuse Wire Warranted. 


There is no reason why this condition should have existed. 
Fuse wire can be rated as any other electrical device is rated at 
its maximum indefinite carrying capacity, although it may have 
been difficult to guarantee its use under conditions of rating. 

Since the temperature attained in a conductor depends on 
the rate at which heat is received and thrown off, the fuse 
is essentially a time-interval device whose operation is based 
on the same principles that govern the injurious effect of the 
current on all other electrical apparatus. 
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Possessing inherently extreme structural simplicity, and invol¬ 
ving an operative principle, not only due to the amount of current 
hut also the time of its duration, the fusible cut-out need only- 
have added to it, elements that -will standardize the vaiying con 
ditions which now beset it in service, and effectively ehminate 
the injurious arcing. Not only can these desirable features be 
attained in the manner already mentioned, but by a proper selec¬ 
tion of fuse metal and its environments, such devices can be con¬ 
structed to entirely fulfil the three conditions given. 

Geneeal Featuees and Dbsceiption of Enclosed Fuses. 

If the length of the fusible conductor is definitely fixed, the 
terminals properly proportioned so that the heat conduction from 
the fuse through them is correctly adjusted, and the fuse then 
protected from moving air currents and placed in an environ¬ 
ment which cannot afiect its action as to fusing, and which has a 
definite capacity for heat reception from the fusible strip, then 
some of the variable factors affecting the reliable action of the 
fusible conductor become fixed, and the rise of temperature in the 
fusible strip for a certain current can be quite definitely relied 
upon. 

Perhaps the very simplest arrangement embodying these^ ele¬ 
ments compromises a definite length of insulating tubing entirely 
enclosing a fusible wire which is centrally fixed therein and sur- 
rounded^throughout its length by the tube enclosed air as shown 
in Fig. 7. Such an arrangement fixes the length, terminals and 
environment, but it still gives us only an air surrounded wire 
with the disadvantages of air surrounded fuse wire and by no 
means produces a device which will operate on severe conditions 
of abnormal current flow without serious explosive effect. It is 
true that such fuses in very small ampere capacities, inside of 
t-nm or three amperes, and at low voltages can be made to work 
successfully without explosion, but even then the tube must be 
strong if it is desired to withstand severe short-circuit without 
disagreeable external manifestations. 

A casing miglit be constructed of sufficient strength, to with¬ 
stand the pressure of the interior explosion and by a slight leak¬ 
age arrangement allow the confined gases to gradually escape, 
but the practical limitation would soon be readied with fairly 
large current capacities at moderate or high service voltages. 
Yarions tests have amply demonstrated this. 
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]By a v'Gij siuiplG addition shown in Fi^. 8 wg can ^^roatly im- 
prove the operation of tlie device as far as explosion and burating 
of tlie tube is concerned. If the tube is entirely filled with some 
finely divided insulating material such as powdered chalk, the 
heat due to disruption of the fuse wire, instead of giving rise to 
an abnormal pressure in the enclosing tube by the heating and 
expansion of the enclosed air, will be largely taken up by the 
filling. The small remaining volume of air in expanding passes 
through the interstices of the filling and parts with more or less 
■of its heat that would otherwise give rise to a destructive pressure, 
larger capacity fuses will require firmly held end closures and 
vents somewhere in the enclosing shell, so that gases mav escape 
from the tube. While the arcing of the enclosed fuse has been 
•cured, the results due to the holding of the metal in a molten 
condition by the oxide film have been aggravated instead of re- 
leved. The firmly packed filling around the wire serves as a 



Fig. 7.—Air Pilled Tube 
Fuse. 


l^iG. 8.—Ohalk Filled Solid 
Packed Fuse. 


secure bed for the melted metal and its oxide film, relieving it of 
all supporting strain and maintaining it in continuity although 
entirely in a melted condition. • 

^ The writer has made extensive e.xperiments wnth this exact com¬ 
bination and amply demonstrated this seiiouslv defective action 
fuses so constructed with lead-tin alloy and other wires would' 
only disrupt the cii-cuit when the wires attained a temperature 
apparently sufficient or almost so, to cause volatilization, heating 
the enyironmeiit in some instances to a temperature which caused, 
a burning and carbonisation of the ordinary Yulcanized fibre-tube 
'which was used. This condition is maintained as long as the 
■complete fuse is kept absolutely at rest, for any vibration, shak¬ 
ing or sudden movement of the fuse and block causes a disturb¬ 
ance of the fluid but firiiily held wire and consequently a com¬ 
plete rupture or a.decrease in its section at some point and con¬ 
sequent rupture at the current which it carried. The effect of a 
hoiizontal or vertical position of the fuse was examined, but it 
•was found that the fuse would hold in a melted condition even 
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when placed vertically, if the tilling was firmly placed around it. 
This action is due not so much to the firmly packed filling as it 
is to the strengthening of the oxide film by this closely surrounding 
material. As an example of actual operation the following record 
of a test made of a commercial fuse of this type is given. 

Eecobd of Test of X Solid-Packed Fuse. 

General Description of Fuse. 

Grey fibre tube dia. length including brass ferrule caps at ends- 
which served as contacts and to which tin-lead alloy fuse wire was directly 
soldered, extending from ferrule to ferrule centrally through a filling of white 
powder of chalky appearance and character. Fuse marked 6 and intended 
for 220-volt service. Not knowing what this rating was intended to imply, 
the fuse was started at 4 amperes and current increased. 

4 Amperes for 5 minutes.) ( Block in which fuse was 

5 “ “ 5 “ >• *< supported well shaken after 

6 “ “ 20 “ ) ( each interval. Tube hot. 

( At end of this time block given- 

7 15 “ . < two quick raps and fuse open- 

( ed. Tube abnormally hot. 

For all but short-circuit working, fuses so constructed are there¬ 
fore defective since no accuracy of rating and blowing can be 
attained. 

With the two above constructions well-known, the next step to¬ 
ward the production of a properly operative device is accomplished 
by simply effecting a combination between the air-filled tube- 
and the tube filled with finely divided insulating tnaterial and by 
placing the fuse wire in the manner already described. As will 
be obvious from the illustration, this type of enclosed fuse obtains 
the advantages gained by a filling material around the fuse wire 
and also the advantages of a fuse suspended in an enclosed cham¬ 
ber of still air, a fixed environment, standard length and self- 
contained construction. It is, however, also true that the fuse- 
strip is affected by oxidation as any similar strip would be if sur¬ 
rounded by air. If such oxide coating should form and tend to- 
affect the wire as already described, its action wouid be aided hy 
the very short air space in some of these fuses and correspond¬ 
ingly short wire suspension. The rupture of the fuse strip under- 
conditions of overload and short-circuit is initially similar to 
a rupture of a similar fuse entirely exposed in air. The heated 
and expanded air, enclosed in the air chamber and the gases re¬ 
sulting from the disrupted wire are forced into the interstices of the 
porous tilling on each side of the air space and pass out, the arc 







142 


JSACBS ON FUSE PROTECTIVE DEVICES. [Mar. 28, 


being destroyed by the rush of all air to the exterior without any 
re-supply, and thus partially blowing out the arc and partially 
killing it by its inability to maintain itself in an entirely carbonic 
oxide gas environment. Two designs based on these lines have 
thus far been commercially developed in this country, and a 
similar construction has been exploited in England. Sectional 
views of the two American designs are shown in Figs. 9, 10, and 
11, These drawings are self-explanatory. 



Fig. 9.— Central Air Space and Loose Finely Divided End Filling 
Fuse (Single Wire). 



Fig. 10.—Central Air Space Fuse. Multiple Wires and Loose 
Finely Divided End Filling. 



Fig. 11. —Air Space and Asbestos Plugged Fuse. 


The design shown in Figs. 9 and 10 has unquestionably 
accomplished most excellent I'esnlts in a very large number of 
installations and in various cuiTent capacities and even at very 
Mgh voltages. The modifications in the fuse strip construction 
showing the use of single and multiple wires between the ter- 
minals is to be noted. By the use of such multiple wires a 
smaller aggregate area of metal is necessary than when one single 
wire is used. It may generally be stated that the operation of 
this type may be varied by a variation in air space length and 
area aside from other conditions which will be more fully 
discussed later. 
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Owing to the absence of vents in the end caps and the slight 
porosity of the tube filling material in Fig. 11, which is abestos 
paper rolled around the fuse wire instead of a loose finely di¬ 
vided powder material as used in Figs. 9 and 10, the former 
design judged from tests made by the writer appears to be of 
doubtful utility under very severe conditions and particularly if 
in very large sizes. 





Figs. 12, 13, 14, 16.--Solid Packed Fuses. 

The writer’s original conception of a non-arcing accurate fuse 
was to combine with the fusible strip an environment suitably 
held around the wire and intended to effect a combining action 
between the wire and heated fuse metal, so that not only would 
the holding in a molten condition be overcome, but the combin¬ 
ing of the environment with the oxides of the disrupted fuse 
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would kill the are. This principle has been the basis of develop¬ 
ment in the investigations taken np in this direction by the 
writer. The results as at present perfected show a fuse protec¬ 
tor whose general construction is of the solid packed no-air- 
chamber type, but in which a molten hanging of the wire is im¬ 
possible, and in wliicli the explosive tendency is reduced to a 
minimum, and all flasliing and arcing entirely eliminated. This 
fuse is furnished with an indicating device on the exterior of 
the easing which at all times positively shows the condition of 
the interior wire and the rupturing of the fuse wire is of a 
character peculiarly its own. Figs. 12, ,13, 14, and 15 show 
foudifications of the interior construction of this fuse. Fioin the 
experimental investigations leading to the production of this de¬ 
vice, various deductions relative to the proper design of such pro¬ 
tective devices have resulted, many of which are equally applic¬ 
able to all fuses. A discussion of these is combined with the 
following description of the various elements entering into the 
construction of this protective applicance. 

Operative Principles of Enclosed Fuses. 

The satisfactory operation of an enclosed fuse is based on a 
careful consideration of the followino:: 

1. The eharaeter, size and form of the fusible strip.. 

2. Length of active fusible strip. 

3. The character and mass of the fuse environment. 

4. The interior section and length of the enclosing easing. 

To these ma,y also be added the necessity for indication, com¬ 
pact size and facility of manipulation and low cost. 

The character of the metal employed is of the greatest import¬ 
ance, since the heated gases and pressures consequent upon the 
disruption of the fuse in the casing, and the tendency to arc and 
explode, is governed by the mass of metal to be disrupted at any 
particular current condition and voltage, and the conducting 
nature of its vapors. A metal of high conductivity, whose vapors 
rapidly and readily change their conducting nature, and which 
has a fairly high melting temperature, fulfils this requirement. 
In the matter of conductivity, there is no limit, but the charac¬ 
ter of the wire envii-onment restricts the raising of the tempera¬ 
ture to a point beyond which the casing is injured, and which 
may be objeetlopable from other causes. A metal having the cur¬ 
rent conducting properties of .copper would constitute an ideal 
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fuse metal for enclosed fuses. Copper wire, however, is not cle~ ' 
sirable, in view of the temperature limitation, And the fact that 
this metal when disrupted results in a vapor which seems to be of 
the most highly conducting nature, feeding the arc and causing* 
it to hold and burn back on the terminals with a tenacity exceed¬ 
ing that resulting from almost any other metal which the writer 
has experimented with. This peculiarity of copper vapor is amply 
demonstrated by the deposition of a film of metallic copper on the 
ordinary types of fuse blocks, due to the arc attacking the copper 
terminals of the fuse links. Experience with various metal alloys 
containing copper seems to give similar results. On 500-volt 
D. c. circuits, under severe conditions of short-circuit, with 
faiidy large exposed copper fuse wire, the roaring, holding and 
flashing of the arc is certainly . sufficient to prohibit the use of 
open copper fuses where such abnormal current conditions are 
possible on these higher voltage circuits. 

The commonly used lead-tin alloy fuse metals by no means 
possess the desired characteristics. It is true that fuses composed 
of such metals do not, on disruption, give rise to as highly con¬ 
ducting vapors; as copper; but owing to their comparatively poor 
conductivity and low melting point, they essentially must embody 
a large mass of metal in any*'fuse of given length, due to the 
ample section required. The severe oxidation of such fuse alloys 
and the possible change in molecular structure of alloys of this 
type subjected to repeated heating and cooling must not be over¬ 
looked. 

The search for a satisfactory fuse metal seems now to be di¬ 
rected toward such metals as aluminium, cadmium, tin, zinc and 
those of a similar nature, or their alloys. A simple metal is 
however, more desirable for this puimpose, unless the alloy pos- 
% sesses features which cannot be obtained otherwise. Since the de^ 
sired metal must be cheap, aluminium and zinc at once become 
most attractive. J3oth possess the desired conductivity, and 
melting point and their vapors have the desired high-resistance 
property which is, no doubt, due to their extremely rapid oxida¬ 
tion. The mass of metal used in fuse wires of either of these is 
therefore small, and the opening of the arc is readily accomplished. 
These two metals have up to date been, generally ^dopted in the 
writer’s various forms of fuse devices, but it is still desired to 
further advance in the direction noted. Since the carrying ca¬ 
pacity of the wire depends upon its ability to throw; off more or 
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of the heat generated therein, it necessarily follows thW a 
single round sectioned wire does not attain the desired goal in I'e- 
gard to the use of a miniiuuiu mass of naetal. The simplest so¬ 
lution is to'flatten the fuse strip and thus raise its heat throwing- 
off ability to a maximum. Another method is to construct a fuse 
strip of a multiplicity of wires. The first method is used by the 
writer in all larger fuses exclusively, and pei'forms another func¬ 
tion which greatly adds to the operation of the enclosed fuse and 
permits the use of smaller tube sections. In order to effect a 
thorough and rapid commingling of the ruptured wire and filling 
material, it is essential to bring the maximum metal surface in 
contact with the filling, w'hich is very well attained by the use of 
a flat strip. 

In fuses intended to work on the various commercial voltages 
it has been the practice to vary the length of the fuse strip in pro¬ 
portion to the voltage. Owing to the decreased carrying capacity 
of any particular fuse wire section due to increased length, it is 
highly advisable to reduce the latter to a minimum, consistent 
with satisfactory working. 

Open or enclosed fuses of ample length when subjected to 
gradual overloads, in which the temperature rise in the metal is 
dependent on an appreciable time interval will, if of even sec¬ 
tion and with an even surrounding environment and similarly 
connected at each end, attain the maximum temperature at a 
point central between the ends. The length of the rupture, 
under such conditions, depends on the ability of the arc started 
at the initial break in the metallic continuity to consume the me¬ 
tal on each side of the break. With any particular metal this 
maximum arcing length will depend on the e. m. f. sustaining the 
arc and its environment. In air this is much longer than in a 
casing and filling, arranged so as to exclude as much air as 
possible, and dissipate the conducting vapors of the disrapted 
fuse metal. For any particular voltage the length of arcing dis¬ 
tance obviously depends on the conducting character of the va¬ 
pors. If, however, the disrupting current is extremely large, as 
in the case of an enormous overload or short-circuit, then the 
heating of the complete metal strip is so instantaneous that a 
melting temperature is attained over its entire length, and it is 
completely disrupted. An arc will then only result if the dis¬ 
tance between the contact terminal pieces on the base block are 
inside of the arcing distance for that particular metal and voltage. 
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By an adjustment of fnse-lengtli to meet tins condition it is 
possible to operate an open fuse at any Amltage without any arc 
tinder short-circuit conditions, but by no means does this in any 
way affect the resulting arc on slow overload melting of the 
metal. The length necessary for such non-arcing short-circuit 
operation w^ill he found excessive in practice. Since the slow 
overload arcing is retained, and even though disrupted tyithout 
are, the short-circilit operation necessarily entails the throwing off 
of a quantity of molten metal, bnt very slight additional safety is 
afforded to the surroundings, although the contacts and other 
parts of the base block are protected. The enclosing of the 
fuse wire in a casing properly filled and held around the wire 
greatly shortens the maximum arcing distance under overload 
or short-circuit. 

The varying severity of short-circuit effects at different parts 
■of the conducting system with large and small generating capacity 
and with varying conditions of output and character of service, 
are frequently ignored in considering the operation of protective 
.applicances of this nature. With heavy current capacity piotee- 
tive devices a very small i-etarding medium greatly affects the 
operation of the protective device. Short-circuits and heavy 
overload ruptui'es, on large over-compounded and low-power 
factor systems are instances of particularly severe service. 

It, is, however, only necessary for a protective device such as 
a fuse to accomplish satisfactory i-esnlts on the particular service 
in connection with which it is used. While it is entirely possible to 
provide a device capable of meeting the most extreme condition, 
such ability, if entailing additional cost, is unnecessary where the 
extreme conditions are'impossible. The pecnliar result obtained 
in a recent test made by short-chcuiting two of these solid 
packed fuses on a 2500-volt line and two exactly similar fuses on a 
500-volt line, will illustrate the fact that the voltage does not neces¬ 
sarily determine the severity of the short-circuiting effect on a 
fuse of ample dimensions. 

Comparative Short-Circuit Test op Lone Fuse on 3600 Volt A. C. and 

500 Volt D. 0. 


18" long, 1" diameter fibre tube. Filled solid active powder. 

13" flat fuse strip. Capacity 30 amps. conUnuously. -Twa 

A C 3500 volts on heavy feeder about 1 mile from station, lightly f f . 

' fuses as above, each thrown singly across line. Opening of fuse tubes af- 
ter test disclosed about 5 to 5^" of undestroyed strip in each tube. Tto 
remaining length was made up of several pieces. The length of str p 
destroyed under this condition was from 6i to 7" 
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D. 0. 500 volts on 0000 feeder about miles from station. Owing" to 
load variation, test was made only when voltmeter indicated 500 volts. 
Two fuses as above. Each thrown singly across line. Openings of 
tubes disclosed a disruption of the entire fuse strip between terminals 
with the exception of in one and in the other. 

Similar tests with somewhat longer fuses on 6000 volts show 
the following results: 

Short-Circuit Test of 5,000 to 10,000 Volt Fuses. 

S. K. C. Inductor, two phase generator belted to water-wheel. Gates well 
open. No load on generator except test. Voltage measured 6000. Puses 
thrown across short heavy leads connected to one side and allowed to remiiiii 
connected for some time after operating. Two-phase capacity of generator 
300 K w. 


24'' long 1" diameter fibre tube. Pilled solid active powder. 
16" flat fuse strip. Capacity 20 amps. 


Two fuses as above tested. Each connected in series with larger capacity 
fuse and thrown across generator. In both cases the 30 amp. fuse only opened 
Opening of tube disclosed a disruption of all except one or two very short 
pieces of the strip. 


The very much shorter disruption on the 2500-volt circuit is. 
iiotewortly. ^ It may be due to the inability of the 2500-voit a. c. 
arc to maintain itself over a greater distance, and also to the la<>-- 
png of the current rush so that at the instant of rupture thetotiil 
he.at energy acting on the fuse strip was insufficient to totally de- 
sti’Y the entire mass of metal. This e.xperiment is apparently 
contrary to the generally accepted ideas governing the length and 
adjustment of fuses of this type. In practice the actual 'lengths 
ot the fuse strips are very much shorter than those tested on 2>,0() 
ana 500 volts. 

The average lengths as used in these solid packed fuses, areap- 
proximatelj: 

320 volts,. 

500 volts,. . 

2500 volts,.. 

3000 to 10,000 volts,.. 

This IS the distance between terminal wires inside and has no 
particular bearing on the casing, which varies. 

The use of inductances in series with large fuses to choke heavy 
current rushes and thus ease the blow on short-circuit, has bee^ 
suggested. Recent tests with 600-ampere fuses on a very heavy 
feedei at a short distance from one of the largest 600-volf direc’t 
connected railway stations, has somewhat lowered the writer’s 
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opinion of this buffing device. One of these fuses tested without 
the inductance and thrown directly as a short circnit across the 
feeders worked in a far superior manner to another having an 
inductance of about twelve turns in series with it and 
similarly treated. Indications seemed to warrant the conclusion 
that while the inductance may have choked the maximum rush; 
it, however, increased the potential of break across the fuse 
terminals. 

Another important feature dependent upon the length of fuse, 
its consecjuent resistance and amount of energy dissipated 
therein, is the temperature attained by the surface of the tube 
casing. This depends upon the amount of heat energy delivered 
from the fuse to the environment and consecpiently upon the 
amount of energy dissipated in the fuse for any particular 
current. A simple arrangement of the strip section, small in 
the center and increasing toward the terminal wires, accomplishes 
most excellent results in this direction. Fuses so constructed 
have a faiTower tube surface temperature than when an even strip 
is employed, although more metal must necessarily he dissipated. 

From prior deductions it has appeared that a satisfactory 
ac'tion of the tube-surrounded fuse strip can only be attained 
by reducing the amount of confined air to a minimum, and 
by providing a means for effecting a maximum cooling effect 
on the heated and expanding gases. The closest attainment of 
this result is obviously in a solid tilled tube. Irrespective, however, 
of the particular quantity of filling in the tube, its presence in 
contact with the wire, necessarily affects the action of the latter. 
This envh’onraent, no matter what its arrangement, has a certain 
heat conductivity and capacity. It carries beat away from the 
conductor more rapidly wdien cold, than after it and the conduc¬ 
tor have obtained a higher temperature. The mass of this ma¬ 
terial around the wire affects the time required to attain a certain 
temperature in the wire, and the heat conductivity of the mate¬ 
rial employed as an environment to the wure will affect its carry¬ 
ing capacity. A proper relationship must, tlierefore, exist be¬ 
tween the wire and the environment, in order that the compdete 
device has a minimum difference in the time necessary to attain 
an operative temperature in the fuse-strip when first put in cir¬ 
cuit, or after it has endured its full current capacity for some 
time. It is certainly assumed that the filling satisfactorily fulfils 
its essential function as an arc dissipator, and that the fuse has 
been properly located therein. 
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The desired result as to so-called hot and cold blowing of tlie 
fuse device is accomplished by reducing the mass of environment 
to a minimum. It is obvious that with a certain fixed heat 
throwing-off capacity in the wire, the current carrying capacity 
of the latter will depend upon the rate of heat conduction to, and 
dissipation by radiation from the tube surface, and by conduction 
longitudinally through the terminal wire and environment to 
the contact posts. The heat conductivity of the environment 
therefore governs the canying capacity of the complete device, 
but this function is decreased if insufficient environment section 
is provided, so that the radiation and conduction therefrom, 
owdng to lack of tube surface, is not in the proper proportion to 
the amount of heat thrown off by the conductor. The exterior 
surface temperature of the tube, other conditions being fixed, is 
certainly dependent upon the surface area. Decreased surface 
temperature (^aii therefore be obtained by increased surface area, 



Fia. 16.—Strip Ruptured at Low Areless Voltage in an Environ¬ 
ment of Active and Inert Material. Mote Rupture at one end 
of Fuse Strip where Active Material was Located and Melted 
Condition of Center. 

but tins necessarily entails increased mass which is not desirable, 
for reasons already given. For similar reasons it is desirable to 
minimize the heat conduction from the fuse to the contacts, 
through small terminal wires. 

By a careful adjustment of the various parts the writer has ob¬ 
tained comparatively low surface temperature, minimum ratio of 
hot to cold blowing time and practically very little or no differ¬ 
ence in the current carrying capacity of the fuse-strip, from that 
which it has when entirely surrounded by an air euviromneiit. 

To produce the desired result I’elative to the prevention of any 
holding of the wire in a molten condition, a very careful experi¬ 
mental investigation was undertaken. Based on the original 
conception, a combination of elements has been developed 
which not only combine under beat action of the current, but in 
which the character of all or a portion of the environment 
s such that the retention of the wire continuity after melting 
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temperature has been reached is impossible. This result is 
accomplished by the use of a material around the wire which 
readily fluxes with the metallic oxides at the temperature of the 
molten metal. Various substances are available for this purpose, 
but the writer has found mixtures in the form of loose, finely 
divided powders, in which borax is included as an element, most 
desirable. With the metal employed in the fuse strip, this en¬ 
vironment produces most peculiar results, causing a fluxing only 
upon the attainment of the temperature reached by the wire m 
its molten overloaded state. This action is clearly illustrated in 
Pig. 16 showing a photographic reproduction of a strip ruptured 
at a low arcless voltage. A portion of the strip was surrounded 
by an inactive environment, while another portion was surround¬ 
ed by the active powder, an arrangement frequently used. It 
will be noticed that while a large portion of the strip was reduced 
to a molten condition, yet only that portion surrounded by the 
active material fluxed and ruptured. Aside from the material 
named, tlie other ingredients of the filling require careful selection. 



PiQ. 17 .—Short-Circuit Rupture of 500 V. 50 A. Fuse, 
Showing Combination. 

By the use of such combining material around the fuse strip, 
other features of advantage are obtained. The combination be¬ 
tween the metallic oxides with the environment absorbs the 
energy of any destructive arc or resulting explosive effect, which 
may tend to maintain itself under other conditions. The combi¬ 
nation of the elements in the manner described is, howevei, 
equally as valuable in buffing the break, as a long continued and 
gradually lengthened arc. The merging together of the metal of 
the fuse strip and the material of environment necessarily causes 
a gradual increase in the resistance of the structure between the 
terminals, which is obviously, in order to make the device opera¬ 
tive, a gradation from the practically negligible resistance of the 
intact wire to the absolute break resulting after a complete com¬ 
bination has been effected, and the metallic strip turned into a 
non-conducting mass. Fig. lY shows .the interior of a 600-volt, 
50-ampere fuse short-circuited at that voltage with the resulting 
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combination. Tlie advantage of this absorption of explosive 
energy, and the gi’adiial, although rapid letting down of the cur¬ 
rent, is obvious. 

By no means is the mere fact that an enclosed fuse stands the 
explosive action of interior rupture, sulSicient to attest its satis- 



Fig. 18.-~Solid Packed Fuse Ruptured by Overload at Low 
Arcless Voltage. Note Central Location of Rupture. 


factory operation undei* every other condition. After the explo¬ 
sive effect has been subdued or eliminated, the fuse is then sub¬ 
jected to the entire potential of the circuit ruptured. Unless the 
break is then free from any conducting quality under that partic¬ 
ular potential a very slight leak may still be sufficient to result in 
a heating effect which soon causes afresh a most severe arcing, 
and the destruction of the entire device. It is for this reason that 
the condition following a short-cii’cuit, if carried without de¬ 
struction by the fuse, is sometimes not as serious a test as a gradual 
slow arcing break, although the instantaneous shock to the fuse is 
far more severe in the former ease than in the latter. If, 
however, it is considered that a short-circuit will disrupt the maxi¬ 
mum length of fuse metal while the slight overload may cause 
only a very short break, the reason for this condition will at once be 
seen. Fuses of the enclosed type should, therefore, be tested under 
both conditions. Those in which the construction and arrange¬ 
ment of the parts is such, that a carbonization or similar forma¬ 
tion may result, due to the cliaracter of the materials adjacent to 



Fig. 19. Solid Packed 500 V. 50 A. Fuse Ruptured by 
Overload at Normal Voltage. 

the ruptured metal, would seem to be particularlj subject to this 
•condition, while those in which the entire wire is surrounded with 
materials free from these or similar defective properties, would 
he apt to operate in a far superior manner. 
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Wlietlier or not tlie complete enclosed fuse will stapd severe 
short-circuit shock also depends to quite an extent on the center 
iog of the wire rupture approximately midway between the ends 
of the tube, so that its resulting effect ma}^ w^ork against sufficieni, 
filling material and fusible metal on each side. Fuses in which 
the connection between the fusible wire and the exterior termin¬ 
als is made at the end of the tube, are defective unless the ends 
of the wire or strip are proportioned to act as terminals only, and 
are therefore of better conductivity than the more centrally lo¬ 
cated section. Fig. IS shows a solid packed fuse ruptured by 
overload at low voltage, and Fig. 19 at normal voltage. 

The fact that if properly operative the exterior of the enclosed 
fuse gives no indication of the condition of the interior wire, is 
undoubtedly a substantial objection to this type of protective de- 



PiG. 20.-—2500 Volts, 50 Amperes. Fig. 21.—220 Volts, 25 Amperes. 


vice. Any arrangement for the purposes of exterior indication 
must necessarily be simple, safe and cheap. The writer has de¬ 
vised several indicating arrangements, and the method adopted, 
probably meets these requirements. In shunt across the interior 
fuse is placed a very fine high resistance wire containing a min¬ 
imum of metal, and placed wholly or partially on the tube exterior 
with its ends connected to the fuse terminals. The condition of this 
little indicator wire at all times shows the condition of the interioi 
fuse, since a rupture of the interior fuse at once causes a rupture of 
the indicator. A peculiar feature, however, in the operation of this 
auxiliary device, is the fact that on all except the smallest capac¬ 
ity fuses it disrupts practically without any arc whatsoever. The 
reason for this condition is at once found in the fact that the main 
fuse is gradually losing its conductivity on rupture, and is at some 
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particular instant equal in resistance to the indicator. The 
equally divided current is then sufficient to rupture the indicator, 
which is still shunted by the increasing resistance of the interior 
fuse, in which tlui hnal break of the circuit really occurs. This 



Fig. 22.—500 V. 400 A. Complete Cutout, 


fact is amply proven by short-circuiting an indicator wire on a 
fuse tube with and without an interior fuse in shunt with it. 
The flag'll in the latter instance is coinpai’atively severe, while in 
the first it is entirely negligible. 

T-he appeai'ance of some of the solid packed fuses in their 
completed form is shown in the accompanying Figs. 20, 21, 22, 
28. These illustrations, with the various modifications shown in 



Fig. 23, 

the construction of the terminal fittings, accessoiy fuse blocks 
and fittings, are self-explanatory. The general dimensions of 
these fuses for the different commercial voltages ai-e given io 
Table A. 




TABLE A. 

Length and Diameter op Fuse Tubes.—Solid Packed Fuses. 
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The OpejRatioh and Use of Enolosed Fuses. 

The desirable time-interval function in properly constructed 
enclosed fuses gives to this form of fuse protective device a de¬ 
cided advantage, owing to the variation and adjustment of the 
overload time interval which can be obtained by very simple 
alterations in the construction. This feature of the device makes 
it available for almost every class of electrical service. The 
curves, Fig. 24 show how the solid packed fuses act under vary¬ 
ing overload conditions. It will be noted that the time interval 
increases in an irregular inverse ratio to the percentage of overload. 
In practice, the arrangement of this time interval function of 
the fuse is judged by a careful consideration of the particular 
service for which the fuse is to be used. In standard fuses of 
the ordinary commercial voltages the following adjustment has 
been adopted. 

220-volts below 20 amperes will carry 25^?^ overload for 10 to 20 seconds. 

220* volts above 20 amperes will carry 25% overload for 25 to 40 seconds. 

500-volts below 20 amperes will carry 25% overload for 15 to 30 seconds. 

500-yolts above 20 amperes will carry 25% overload for 30 to 60 seconds. 

2500-volts below 10 amperes will carry 26% overload for 10 to 20 seconds. 

2500-volts above 10 amperes will carry 25% overload for 30 to 45 seconds. 

These overload time intervals may perhaps appear small for 
certain classes of service, but in arranging and adopting a standard 
overload time for all fuses of a certain voltage, it was essential 
that an average time interval be taken, and not one only adopted 
to some one particular class of service. Special fuses are, how¬ 
ever, constructed with any desired time interval. 

The rating of tliese fuses is based on the lines already laid 
down earlier in this paper, that is: the rating is the current 
which the fuse will carry indefinitely without rapture. They 
are, as far as possible, adjusted so that any excess current above 
this rated capacity will, in time, rupture the fuse strip. But 
practical manufacture will not permit, nor does practical service 
demand this condition to hold to more than within five per cent, 
above this maximum rating. 

In the manufacture of these fuses, however, every eiffort is 
made to refine each element by a series of tests practically prohi¬ 
biting variation in the character or quality of materials employed, 
and finally, after the device has been completed, it is given a 
maximum carrying capacity test for a sufficient time to guarantee 
its proper interior construction. The necessity for dimensional 
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and structural accuracy in the fuse strip which increases with the 
conductivity of the fuse metal employed, has received particular 
attention. Aside from the very careful micrometer gauging of 
the strip, each strip is measured for resistance by a rapid drop ot 
potential method. 

The writer has been frequently asked whether the carrying 
capacity of such a fuse under normal conditions is affected by’ the 
action of the environment, it being assumed that since the en¬ 
vironment co-acted with the metal in forming a combination on 
rupture, and when the metal was in a molten condition, that 
this action in a milder form might be present under normal run¬ 
ning conditions. It must first be remembered that the environ¬ 
ment does not combine with the metal, but with the oxides of 
the metal, under the action of the heaf, and that this combination 
is only effected when a certain definite temperature or condition 
of the metal has been reached. The action of such a well-known 
flux as borax or similar acting material is well understood, and it 
is known that any action between this material and metallic ox¬ 
ides occur only at a definite temperature permitting of the flowing- 
together of the melted bora.x and oxides which it dissolves. 

In order to determine with exactness whether such condition 
could exist, fuses have been subjected to their normal current for 
a long time, and then carefully examined. Other fuses 
have been subjected to actual service running tests in which the 
maximum carrying capacity of the fuse was passed through it 
several hours each day for a period extending over a month or 
more. In both cases the fuses continued, and are continuing, to 
carry their rated capacity, and an examination of the strip has 
shown no attack. 

The temperature at which the disrupting action begins, is only 
reached after the overload current has been on the fuse for the 
allowed time interval, or within a very close practical approxi¬ 
mation of it. The writer has even taken fuses and passed a certain 
percentage of overload current through them for a time, less thkn 
the limit for that particular current, and has afterwards carefully 
examined the strip without discovering any deterioration therein. 

The matter of variation in time interval for any particular 
amount of overload in the solid packed type of fuse when hot and 
cold, has been open to quite some discussion. 

Table B shows the hot and cold blowing time for a definite 
overload on several sizes of the writer’s fuses as determined from 
recent tests. 
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It may appear that this type of fuse has a larger ratio between 
its hot and cold blowing point for a definite ov^erload than a fuse 
constructed with an air chamber, as shown in Fig. 9. 


TABLE B. 

Hot and Cold Overload Time—Solid Packed Puses. 


Rating. 

Carried. 

Time. 

Overload 

Opened. 

Ratio 

Hot to Cold 

500 V. 40 A. 
flat single fuse 

40 a 

I hr. 

50 a 

50 a 

55 sec, 
210 sec. 

II to 42 

500 V. 25 A. 
flat singleffuse 

25 a 

I hr. 

30 a 

30 a 

45 sec. 
19s sec. 

3 to 13 

2500 V. 50 A 
flat single fuse 

50 a 

1 hr. 

62% a 
62^ a 

30 sec. 
120 sec. 

I to 4 

220 V, 10 A. 
round single fuse 

10 a 

I hr. 

12 a 

Z2 a 

10 sec. 

30 sec. 

t to 3 


A few tests of an air space fuse under such conditions indicate 
that this assumption does not hold good. These are given in 
Table 0., and a comparison with Table B. demonstrates, at least 


TABLE C. 

Hot and Cold Overload Time—Air Space Fuses. 


Rating. 

Carried. 

Time. 

Overload 

Opened. 

Ratio 

Hot to cold. 

20C0 V. so A 
mul. fuse. 

50 a 

1 hr. 

6234 a 
62^ a 

60 sec. 
690 sec. 

2 to 23 

2000 V . 15 A 
single fuse. 

15 a 

1 hr. 

.18 a 

18 a 

20 sec. 

90 sec. 

2 to 9 


from the sizes tested, that the air chamber fuse of the construction 
tested, is equally or more subject to this variation than the other 
type. The reasons for the existence of this condition, whether it 
be in the one type or the other, have already been discussed. It 
is to be noted that the air space fuses tested employ a relatively 
larger bulk of metal and environment. 

In order to further test the relative advantages of these two 
types of fuses, comparative short-circuit tests were made, and the 
following record of these tests shows the advantage for rapidity 
of action to again be with this form of solid packed fuse. 
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Comparative Short-Circuit Test Air Space and Solid 
Packed Fuse, 

■50 A, 500 V. rated capacity of each fuse. Counected in series and thrown across 
500 V. Conduit contact mils. Solid packed fuse opened alone. Airspace 
fuse held. 

50 A. 2500 V. rated capacity of each fuse Connected in series and thrown 
across 500 v. feeder at laboratory. Same result as in prior test. 
Correctness of “Solid Packed” rating tested before short-circuiting. 

Heasoiis similar to those already stated are potent in effecting 
this result also. In determining the rating of any enclosed fuse, 
it is very essential to give it ample time. 

Experiments made to determine the canying capacity of fuse 
strips such as used in these solid packed fuses ^vhen covered with 
the environment, and when entirely air surrounded and exposed 
has demonstrated with the several sizes of strips tested, that the 
current-carrying capacity of the strip is the same, whether it is 
encased or not, “ The time interval necessary to bring it up 
to a definite temperature varies in the two conditions as 
shown by the test record in Table D. of a 40-ampere 500-volt 
fuse strip, which may be taken as a fair sample. The smaller 
fuse strips show a slightly increased capacity wdien encased. 

TABLE D. 


Rating Tests of 500 Volt, 40 Amperes. Fuse Strips. 



Tube. 

Fuse. 

Term’l. 

Filling. 

Run at 

Time. 

Checked or 
References, 


H X sK" 

.oi8 X .13 X 3" 

.11 dia. 

All active 

40 a 

1 hr. 


Enclosed •< 





50 a 

55 sec 

Opened. 

\ 

‘‘ 

“ 



50 a 

3^ m. 

Opened. 

( 

None 


u 

Air i 

40 a 

15 m. 


Exposed-^ 





50 a 

12 sec 

Opened. 

1 





50 a 

25 sec. 

Opened. 


Fuse and terminal wires 5f between contacts. 
Distance between centers of posts 6f”. 


Owing to the fact that the above tests indicated that the un¬ 
covered fuse required a far shorter time for its operation than 
the covered fuse, it is decided to make a comparative short-circuit 
test of these two arrangements. A record of this test is given 
below: 
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Comparative 500- Volt Short-Circuit Test of Flat Strips in Solid 
Packed Case and Air Exposed. 

Open and enclosed fuses similar to those used in Table C, rated 40 a. 500 v. 
enclosed. Flat strip .018 X .18 X 8" between copper terminal wires .11 diam. 
6f" between center of contact posts. 

Exposed Fuse Strip Alone. Very severe arcing and burning of terminal 
wire back to posts. Break 6". 

Exposed Fuse Strip in Series with Enclosed Strip. Both fuses opened but 
exposed strip simply disrupted to terminal wires without any burning and only 
slight snap. Break 3" in each exposed fuse. 

It will be noted that instead of being slower than the uncovered 
fuse, the encased device was equally as rapid, if not more so. This 
seems to* lead to the deduction that on short-circuits the disrup¬ 
tion of the strip depends on the instantaneous energy impressed 
upon it and its specific heat and mass, and the radiation and con¬ 
duction from the strip to its environment is negligible. 

The writer has constructed and operated fuses of the type de¬ 
scribed, ranging in capacities up to 5000 to 10,000 volts and 30 
amperes and 500 volts with 600 amperes continuous running ca¬ 
pacity, but is prepared with data already in Iiand to furnish simi¬ 
lar devices up to 1000 amperes on 220 or 500 volts and 50 am¬ 
peres on 10,000 volts. These fuses are all constructed so as to 
singly open circuits up to 2500 volts. 

It has frecpiently been suggested that for protection on high 
potentials a number of lower potential fuses in series might be 
available. Such an arrangement is, however, defective, owing to 
the fact that under conditions of short-circuit rush, the shock may 
be so instantaneous that the disruption of one of these fuses may 
precede the other. Such condition will frequently act disas¬ 
trously upon the particular fuse called upon to stand the first 
blow, whicli, until shared by another fuse, involves the f)pening 
of the total energy of the shoid-eiremit. 

On a similar basis the use of several fuses in multiple has been, 
suggested whei'e one fuse having the total aggregate capacity Avas- 
not available. Such shunting of comparatively low resistance 
paths necessarily requires the greatest accuracy in adjusting the 
resistance of each so that division of the current may be equally 
shared. The impracticability of doing this is obvious, and it is 
for this reason and others that this arrangement is discouraged,, 
and every attempt made to produce a single self-contained tube,, 
having the carrying capacity desired, and capable of working; 
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satisfactorily tinder all required conditions. The shunting of 
ordinary circuit-breaking devices by a proper enclosed fuse is an 
e.xcellent ari'angement and permits of most extensive application. 
All arcing can in this way be eliminated and breaking appliances 
may then be used at much higher potentials than these for which 
they are adapted alone. 

Aside from the particular constructions noted, which are par¬ 
ticularly applicable to fuses for electric lighting, power and simi¬ 
lar services, the writer has developed another new type of enclosed 
fuse for delicate work. In this direction it has been possible to ob¬ 
tain accurate and safe fuses having a rating of .005 of an ampere, 
and which blow in 15 seconds at .01. 

Enclosed Fuses m . Othee Peotective Devices. 

A discussion of the relative merits of fuses and electro-magnetic 
circuit breakers is entirely unnecessary in this paper, since the 
relative merits of these devices are well understood and appreciated. 
With a fuse device of the character mentioned available, however, 
the advantages of the circuit breaker are limited to the applications 
where a very rapid resetting of the protective device is essential, 
and where the protective device is desired absolutely without any 
time factor on overloads. Where such conditions exist it is more 
freq^uently a q[uestion of adopting a device whose function is to 
serve as a “ circuit-breaker,” and which need not necessarily ful- 
iill the ideal requirements of a circuit protector. 

It is unquestionably' a fact that the perfected forms of both 
devices have enormous holds, but it cannot be denied that if the 
device to be protected has a time overload factor, that the ideal 
method of protecting it is to use in conjunction therewith a time in¬ 
terval protective device. No device has as yet been produced 
which can perform these functions in a simpler and more effi¬ 
cient fashion than a properly designed enclosed fuse. Aside from 
this feature, there is unquestionably an enormous held in which 
the perfected fuse protector is alone. 

Conclusion. 

In describing and discussing the various features of the new de¬ 
vice of which this paper particularly treats, the writer does not 
intend to imply that perfection has been reached, nor that the 
device in its present condition is capable of meeting every possible 
condition of unusual service. It is, however, believed that the 
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principles herein discussed are based on good foundations, and 
that similar devices constructed on these lines can be built, capa¬ 
ble of accomplishing results heretofore impossible with the 
types of fuse and other protective devices in common use. With 
the introduction of higher potentials in every direction, and the 
desire to improve the safety factor of electrical service to the ut¬ 
most, it is believed that the enclosed fuse protector is essentially 
a necessity, and its entrance into the electrical practice of the 
present, is undoubtedly but the beginning of a perhaps univer¬ 
sal application. 
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Discussiopr. 

Mr. Sachs Throup:li the kindness of onr fellow-member, 
Mr. Lieb, of the Edisoii Illuminating Company of this city, I am 
permitted this evening to make a very few tests. _ They will show 
the action of the fuse under short-circuit conditions at 220 volts. 

In order to show you any overload tests it would be necessary to 
arrange resistances and ammeters and take up more time than is 
possible under the circumstances. The service, as you have 
noted here, is a 220-volt service. The various experiments will 
in a measure substantiate the statements in the paper. [Exper¬ 
iments.] . 

Me. Cano S. Dunn ;—To start the discussion, I will ask a 
very simple question. I would like to inquire of Mr. Sachs the 
relative cost of these fuses and the other ones. They burn up 
so quickly and so easily that, of course, we would like to have 
them; but can we afford to ? •, • 

Mr. Sachs :—That is certainly a very important consideration. 
This superior operation is all very nice—we hear from all sides 

_but what is it going to cost? The only answer is that superior 

operation has undoubtedly superior value. The enclosed fuse is 
more expensive than the type of open fuse heretofore used, but 
its advantages are so strikingly superior that the additional cost 
is, to a very great extent, offset. When you consider that you 
are gaining ieatures unattainable in prior similar devices, accu¬ 
racy and absolute safety, it certainly seems that you (^n anord 
to pay a little more for such protection. Insurance of the nature 
provided in an enclosed fuse certainly possesses a value. 

Mr. Louis W. Downes;— I have been very much_interested 
in Mr. Sachs’ paper, for the reason that in the past six years I 
have been investigating in identically the same j ™ other 
words, studying and developing the enclosed type of fuse; and i 
will state frankly that I am a believer in the air-drum type of 
fuse as against Mr. Sachs’ principle of a solid-packed fuse, and 
have had the opportunity of having many very pleasant discus¬ 
sions with Mr. Sachs on that subject. u rn + 

There are certain points in his paper that 1 should liKe to 
bring forward for discussion, and certain explanations in i^egard 
to the air-drum fuse, which I believe will be of-interest. There 
is one point on page 141 that I would like to call attention to, 
where he speaks of the enclosed fuse with the air-drum being 
subiect to the same disadvantages of slow oxidation that an 

open fuse would be. As far as my personal observations have 

gone, this effect of slow oxidation is_negligible in every practical 
sense. We have had fuses in practical operation, what 1 might 
say commercial operation, now for the past four years, and 1 
have tested from time to time fuses that were made four or hve 
years ago and which have been subjected at intervals to current, 
or to load I might put it, and have found no variation in thmr 
carrying capacity whatsoever. Examination of these fuses shows 
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tbe same results. In other words, the amount of air con¬ 
tained in the air space is so extremely small that the oxygen 
present is not sufficient to cause any appreciable oxidation of the 
metal, and I think Mr. 8achs has rather exaggerated that danger. 
That is, I am simply quoting my own observations in that line. 

He also speaks of the variation in the carrying capacity and 
the time element which can be produced by varying tbe air 
space, and I would like to add somewhat to that and state that 
the material used for tilling also has a very pronounced effect on 
the time element for any given overload. It has come recently 
within my observation, in fact, only last week I was making 
some calibrations on fuses and I found that the variation in the 
material with which the fuse tube was tilled affected the blowing 
time, at 50^ overload, about 125^; and also found with what 
we call the multiple link fuse, which is shown in Fig. 10, on 
page 142, that the position of the individual links or strips of 
fusible metal also affects the blowing time oh any given over¬ 
load, that is, if they are spread out near the surface, with the air 
space of precisely the same length, you could get a much more 
sluggish fuse, (or, in other words, the time element is increased) 
than you do where they are drawn closer together near the center. 
This is obviously due to the fact that there was less material 
through which the heat passes to the surrounding surface in 
order to be thrown off, and in that way we possess possibilities 
of producing a fuse, within certain limits, of almost any desired 
time element. 

Another point that Mr. Sachs speaks of, in mentioning the 
metal used, is of interest and importance. In my experience 
there are very peculiar properties in different metais when sub¬ 
jected to extremely heavy overloads, or those conditions approx¬ 
imating short-circuits where the metal is volatilized practically 
instantaneously. Some metals apparently can pass from the 
metallic state to a vapor with very little disturbance, very little 
of the explosive action that is present with others. 1 think cop¬ 
per, as Mr. Sachs states, passes with greater difficulty from the 
metallic to the vapor condition than any other metal that I have 
come in contact with. I have tried all the common metals. 
There seems to be explosive force or action there that it is 
almost impossible to confine. Pure lead, that is, commercially 
pure lead, passes with great ease, and zinc possesses very pro¬ 
nounced qualities in that direction. Even an exposed zinc fuse 
can be short-circuited with moderate capacities very successfully, 
without any great disruptive effects or burning of terminals. 

On page 145, Mr. Sachs speaks of the extremely rapid oxida¬ 
tion. I think that it is not wholly a matter of oxidation in this 
case, because it appears to me that when the metal is converted 
into a vapor, that^ can hardly he termed an oxidation, in the 
strict sense. It is a metallic vapor, certainly, but it does not. 
possess any of the appearance or nature of the"oxides. It is that 
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vapor which being condensed by the surrounding mass and being- 
disintegrated by the surrounding mass passes off and prevents 
the establishment of an arc. 

lie speaks of short-circuit tests on 2.o00-volt alternating and 
500-volt direct. I had some pecnliar experience in that same 
direction myself, and I am inclined to think that the effect Mr. 
Sachs noted, that is, the burning of only a small portion of the 
strip in the alternating current short-circuit, was due more to an 
effect on the generator than anything peculiar about the current 
itself. One night in my laboratory -we were going to try a 
short-circuit test. It happened to be in the winter-time, about 
five o’clock, and it was rather dark. We tried it and all the 
lights went out all over the city, and there was naturally a good 
deal of disturbance. They died down for a short period when 
the fuse blew, and immediately came up. Apparently the helds 
of the alternator had been killed momentarily, and 1 think that 
is where the result that Mr. Sachs noted came about, although 
the generator that 1 speak of was 500 k.w., and the fuse j. blew 
was only 20 amperes nominal capacity, so that the generator was 
amply big enough to put out the energy, if it had not been that 
the sudden rush of current reacted on the fields and killed the 
voltage, so that the voltage across the fuse w’as extremely simll. 

Mit Sachs :-That would be a lagging of the current, l ou 
note I state here : “ It may be due to the inability of the 2oU0- 
volt A.o. are to maintain itself over a greater distance and also to 
the lao-ging of the current rush.” It doep t matter if the helds 
were Iilled, or wdiatever caused that lagging. 

Me. Downiss:— I suppose you used the word lagging of 
current in its general, technical sense, that is, lagging of the cur¬ 
rent behind the e. m. f , under which conditions ffie cmr^t 
might maintain its full value but come after a sufficient time 

^^^Me°*'Sach 8 I should better have said a lagging of the 
energy rush impressed on the fuse. When I used the word 
Maw’’ I meant choking off. Pardon me for interrupting, 

^'^MirDowNESi-I also found that it was possible with those 
o-enerators wliiclu I will state, are seppately excited, single- 
phase alternators; we actually found that it was possible to short- 
circuit or place a 30-ampere fuse directly ™ ^he ^d 

close the circuit without instantly blowing the fuse. ‘ hat was 
at 2200 volts. It was possible to close that switcn by the ban 
audCen t ao-ain before the fuse had blown, so instantaneous 
was that killing effect on the fields. I would not advise any one 
to'try that experiment with a compound-wound alternaroi, 

^Tnother very curious effect Mr. Sachs speaks of, where he 

metZSS .l..i « portion of the ’ 

part with this active material and part with ineit mateiiai, 
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showing that the fuse blew where the active material was, and 
not at a point where it was surrounded by the inert material. I 
am inclined to diSer with Mr. Sachs somewhat in this matter 
and to attribute the blowing of the fuse at the point where it 
was surrounded by the so-called active material to the fact that 
this possessed less heat conductivity than the other. In other 
words, the heat at that point was conveyed away less rapidly, 
and consequently there was what might be called an accumula¬ 
tion of the heat with rising temperature which brought about 
the results, namely, the melting of the fuse at that point, because 
that became the point of maximum resistance and temperature. 

There is one point that I should like to second Mr. Sachs in 
most heartily, and that is in respect to the present method of 
rating that is advocated by the underwriters. It does not meet 
with my approval at all. I believe that there should be action 
taken on this in order to put out fuses marked at what they are, 
and not at some other value. In other words, let us call a one- 
inch pipe a one-inch pipe, and not mark a one-inch pipe three- 
quarters of an inch. Mark a fuse for the maximum current that 
it will carry continuously with a standard temperature, say, 75^^ 
Pahr., surrounding air, and you know definitely what you have 
got. The blowing point can be made for any given overload 
suitable to meet the conditions of the' service, a matter which 
should be left to the manufacturer. 

Me. H. 0. Wiet:— I am sorry to have to differ with both 
Mr. Sachs and Mr. Downes in regard to the rating of fuses. I 
think we should rate fuses in a commercial way, so that the l)ub- 
lic using those fuses can be assured that a circuit will always 
carry what the fuses are marked, i think if you rate a fuse to 
different time elements that the people who have to use 
these fuses will not understand them. I have had considerable 
correspondence with the underwriters regarding the 25^ over¬ 
load, and thoroughly endorse their decision. In fact, 1 advo¬ 
cated it. I think the fuses should be marked so that they can 
be used in the ordinary commercial cut-outs and to be certain 
that they will carry the rated current. I think as soon as you 
begin to mark fuses b% overload and have them melt at that 
point you will get fuses that will melt when they should not 
melt. You have to make allowance for temperature. Some 
have to run in boiler rooms, others in cool places. The question 
is whether a fuse with. 25^ rating will cause any trouble to any 
wiring or impair the devices that they are to protect. 

I have made investigations and found that under those condi¬ 
tions the wires are not overheated. I think that much of the 
discussion regarding the open fuse has been conducted with only 
an imperfect idea of the conditions. For instance, the open fuse 
has been blamed, because it will allow 100 amperes to pass 
through for a short time if it is rated for 50 amperes. I think 
that is no objection to the open fuse. I think enclosed fuses 
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would do the same thing. The question is if under instantan¬ 
eous load of 100 amperes the wires which are protected by the 
fuse will he overheated. My investigations show that under 
those conditions the wires are not heated as much as under the 
condition of a slight overload of 10^, or 15^, or something like 
that. I think there are two objections to the enclosed fuse. Une is 
the cost; I think that is a very great objection The other is 
the destruction of the fuse on short-circuit conditions. Mr bachs 
will probably say that that will not occur to his fuse. I know 
Mr. Downes will say so; but I have tested fuses made by both 
of them (and I anticipate what the gentleman will say) and i 
know that a 100-ampere fuse of either type will be destroyed 
under short-circuit conditions. I acknowledge that shoit-circuit 
Sitions on many of the open fuses will be much worse but I 
think we should all realize the limitations of the enclosed fus , 
Uat kind of an enclosed fuse can be *0 carry 1000 am¬ 

peres, 500 volts? I don’t know of any enclosed fuse that will do 

that work. , ^ „ 

Me. Sachs ;—IV^hat was that capacity. 

Me’. Wiet 1000 amperes. 

Me. Sachs ;—A.t 500 volts. _ _ 

l yrE.'. WiET •.—500 volts under short-circuit conditions. 

Mr" Sachs :—Do you limit the capacity back of it. 

^CHS :-^o you place any limit on the capacity back 

WiBT—No; if yon are going to bane shortoircuit con- 

rroorpirinS^ 'rc^ttolL 'crnrbn.?i 

"rie’Thrmcf’ ? CrtiL^tn-sTn aTof 

^lirW»T -No ; a dhectPrrent 600 .™lt machine., 

the cost of the simple lead ^ see that the 

fuse box, causing them to is tlm lead fuse is 

enclosed fuse is much more R „ .ji fUe strict sense of the 

“'’rlf Ins » mil 5Tn Xsed ft 2 the strictly c»h 
tge wftiat is treis no fae given ont and no tronble 
owmg to the construction of the fuse box. 
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It would seem to me that Mr. Sachs’ test of the two fuses here, 
showing that the enclosed fuse operated quicker than the open 
fuse, was not just right, because we do not know for what over¬ 
load capacities the two fuses were designed. If the enclosed 
fuse was designed for smaller overload capacity, of course, it 
would melt quicker. 1 am an advocate of enclosed fuses where 
they can be used, and where they are of an advantage; that is, 
1 advocate them generally for 220-volt work and where the fuses 
have to go in buildings, where the trouble from leaking is great. 
I think in a case of that kind we should not mind the in¬ 
creased cost. But I do not believe that the enclosed fuse can be 
used in every position. 

Mr. William J. Hammer:— I think Mr. Sachs’ paper is a 
valuable addition to the literature on this subject, and if I may 
be pernditted I would like to call attention to a contribution to 
the enclosed fuse development, which I do not think very many 
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Fig. 25. 

of the members here are familiar with, and which came up in 
connection with the very early days of electric lighting abroad, 
many of these fuses having been used in both England and 
Germany. I would like to make a little sketch on the board. 
As some of the members perhaps are aware, -^The First Central 
Station for Incandescent Electric Lighting in the World ’’ was 
the Holborn Viaduct Station in London, England, which was 
started nearly a year before the Edison Fearl Street Station in 
TSTew York City {i. e. Jan. 12th, 1882), and was a complete cen¬ 
tral station, employing four Edison “'Jumbo” steam dynamos. 
Edison underground tubing, electric meters, indicating and regu¬ 
lating devices, and both incandescent and arc lamps, the latter, 
together with storage batteries and motors, being used experi¬ 
mentally. At the time when the Holborn Viaduct Station was 
inaugurated it was customary, both in isolated lighting and upon 
that central station plant at the time, to always put the switch on 
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the OBe pole and the cnt-ont on the other, because existed 

no double-pole cut-outs or double-pole 

was customary for the man in putting in an installation to stand 
(metaphorically speaking) with his back to the .® 

one wire in his left hand and the other in his right and put his 
switch always on the right-hand wire and its branches and put 
his cut-out on the left-hand wire and its branches or tap.. In t e 
Rolborn Viaduct Station we found that it was advisable to pupa 
fuse on the other wire as well. They were of the type stiown in 
Fig. 25, and it is interesting to note that the Holborn 
itsllf was the first street in the world hghted by incandescent 
electric lighting and Dr. Parker’s “City Temple church on that 
street was the 5rst church illuminated by the incandescent lamp, 
and these were fitted with this type of fuse. _ It is a very simple 
form of an enclosed fuse, consisting of a piece of brass tubing, 



Pig. 26. 


inside of which is a cylinder of wood. The fuse wire lies in the 
groove as shown. Sometimes it laid on both sides. Ihere were 
t good many of them made with multiple fuses. Laid ni tlie 
a-roove on top of the fuse wire was a little piece of wood, like a 
match, which very nearly filled the space. The copper wire at 
each end of the wooden cylinder was passed through a small hole 
near the end and was fastened back on itself forming a loop, with 
the fuse wire running from one wire to the other, and ii multiple 
fuses were employed, fuse wires were put in grooves on both 
sides. (Another form used considerably, and which was the first 
form of “bug cut-out” ever used in inside electric fixtures,is 
shown in Fig. 26.) Much important pioneer work wa,s done at 
the Holborn Viaduct Station. Some of the first insulating joints 
on o-as and electric fixtures were made and used over there. 
Some of the first switches and circuit-breakers for use with heavy 
currents and a good many other things that have come into com- 
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mon practice were tried there on a more or less extensive scale. 
This fuse had many advantages in addition to its being a very 
simple and inexpensive thing. The ends were usually wrapped 
around with tape. All that was necessary, if that fuse blew 
without destroying the whole fuse or making it necessary to put 
another one in, was that this brass tube be slid along the wire, 
the match lifted up, the new fuse wire put in and the sleeve 
slipped on again. Barrels of these fuses were used in both 
England and Germany in the early days of electric lighting, the 
fuse wire being 60^ lead and 40% tin. 

I note that there is a picture in Mr. Sachs’ paper of one of 
Mr. Edison’s early fuses or lead plugs. I hold in my hand one 
of the very lirst ones of this type, which is most interesting his¬ 
torically. The first incandescent electric lamp which was ever lit 
from an incandescent electric lighting station was connected with 
this identical fuse plug. In that ease it was used as a switch. On 
the occasion of the first lighting of the Holborn Viaduct Station, 
which was January 12th, 1882, the circuit was closed with that 
little fuse plug, by my own hand, in the presence of a gathering 
of eminent men,"and I at once removed and tagged the plug as 
you see it here and have kept it ever since; the first capped 
plugs came over to England shortly after the above date. Mr. 
Edison sent a cablegram shortly after their arrival, which read : 

Vapors of a conductor are also a conductor. Punch a hole in 
every one of the safety plugs.” I remember that cablegram very 
well*. Mr. Sachs’ paper and his references to vaporized con¬ 
ductors reminds me of it. This showed that in those early days 
of 1881 and 1882 they really appreciated quite a little the im¬ 
portance of the fact that the vapor of a conductor was also a con¬ 
ductor, and that it was a matter of serious moment in the Edison 
fusible plug, and we at that time appreciated that it was of im¬ 
portance to fuse all circuits, and especially to fuse both poles of 
each circuit, the desirability of which had not been realized up to 
that time. 

Mu. F. V. Henshaw: —We have always thought the subject of 
fuses rather a simple one, I think, in the past, but it certainly is 
quite otherwise, and among the many interesting features of 
these enclosed fuses, I think about as interesting as any is the 
matter of the filling of these tubes. I have seen a great many 
experiments in enclosed fuses, and the results sometimes were 
rather terrific. 1 was very much interested in Mr. Sachs’ descrip¬ 
tion of his active material which combines with the oxide of 
the metal. Now, in the experiments which I saw, it struck me 
that that is precisely what you did not want. Some of these 
tests were made on tubes filled with various silicates and a condi¬ 
tion which gave a most violent are resulted, and after the thing 
had cooled down a beautiful little tube was found, vitrified on the 
inside and rough on the outside, and as long as that tube was 
there the arc would simply roar away inside. Further experi- 
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merits show that siibstaBces that were incapable of melting or of 
forming any slag acted in quite the opposite way and the arc was 
choked out completely. So I was surprised at the fact that this 
substance which combines with the fuse metal has been found to 
be an advantage. 

Me. Dowkes :—Speaking of the results Mr. Wirt got from 
this 100 ampere fuse, I would like to say that a good many of the 
difficulties Mr. Wirt experienced have been overcome, and we 
are making fuses now which I will not hesitate to subject to a 
short-circuit at any time. A few weeks ago I had occasion to 
make some short-circuit tests and they all happened to be on 
lOU~ampere fuses. I spent several days in the laboratory work¬ 
ing on that, and short-circuited, repeatedly, 100-ampere fuses 
without any difficulty whatsoever. There was no arcing, no dis¬ 
ruption of the fuse or parts of the fuse, or the fuse connections 
in any shape or fashion, and there was no lack of energy back of 
the fuse, because I had two 500-k.w., 500-volt generators run¬ 
ning in multiple, and also in multiple with this was a very large 
storage battery; so that the instantaneous current was something 
enormous. These effects are accomplished by providing the 
fuse with suitable vents to take care of the vaporized metal. If 
you try to enclose a fuse, no matter what filling you put into it, 
whether it combines with the metal or whether it does not, and 
totally enclose it and don’t allow escape for the gases under 
short-circuit conditions, it will invariably explode; that is, I 
mean, in the larger capacity ; and explode with terrific violence. 
If, however, you provide that fuse tube with vents at suitable 
portions,—do not put it at the immediate center,—you can short- 
circuit the fuses of large capacity with perfect safety. 

In speaking of the effect of material combining with the fuse 
metal that Mr. Henshaw has just mentioned, I would like to 
state that I observed veiy curious properties in certain materials 
that tend to suppress arcing. I have made tests in that direc¬ 
tion, trying almost every material that I could find mentioned in 
text-books; that is, material that was sufficiently cheap to be 
utilized for the purpose, and find that some possess very pro¬ 
nounced and remarkable properties towards suppressing an arc. 
The tests were made in this way: A small glass tube was pro¬ 
vided with a metallic bottom and a plunger, a small copper wire 
was run down through the top, and the material that the test 
was made on was put into this tube, and contact was made by 
pressing the plunger down until it struck the bottom. The cur¬ 
rent used being on a 500-volt circuit with lamp-bank as load. To 
establish the arc the plunger was drawn slightly away from the 
bottom. With certain materials there was a tendency to aid the 
arc, largely due to the reduction of the surrounding materials 
and the presence of the water of crystallization, which tended to 
carry over the current and maintain, an arc. With other mate¬ 
rial as soon as the point was drawn back the arc would be almost 
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iiimiediately extiiiguislied. 1 have not been able to determine 
just what that effect is due to. But I attribute it to the pres¬ 
ence of certain gases that are formed in the lirst Hash on the 
circuit as the plunger is drawn away, 

Mr. G. O. Mailloux : — The troubles which we find with 
fuses in isolated plants are largely increased with the voltage. 
The introduction of the 220-volt two-wire system, that is to say, 
the use of 220 or 230-volt lamps has necessitated the making of 
cut-outs which are suitable for that voltage, and the difficulties 
due to arcs at the cut-out panel have greatly increased; one 
might be tempted to say that they increase in a higher power 
than the square of the voltage. Jt is in such cases that a fuse 
that can be depended upon to go off at a certain fixed excess of nor¬ 
mal rate is valuable, especially if it can be depended on to go off’ 
without setting off the rest of the cut-out fuses. It has often 
come to my knowledge within the last two years that an ordinary 
cut-out of the panel ’’ type, in which the fuses are connected 
between bus-bars, has had all the circuits on one side blown out 
by the operation of one single, innocent 10-ampere fuse. The 
disruptive effect is very great, and then the arc is necessarilj’’ 
longer, owing to the higher voltage, and that arc is apt to rise 
until it starts a short circuit, which produces the same result 
across the next pair of bars above, and we have a ^‘blow-up” 
process which starts at the bottom of the panel and ends at the 
top. In some cases the amount of vapor produced might be 
sufficient to force open the cabinet door. We may tind in an 
establishment, for instance, where motors are run, a fuse that is 
rated for 25 or30 amperes. Suddenly the motor is overloaded or 
stalled and the fuse blows. The current at which the fuse blow^s 
may not exceed 75 amperes, yet it has happened that in conse¬ 
quence of that 75 amperes the whole establishment has been shut 
down and had its current supply cut off, because that 75 amperes 
would cause a larger fuse to blow perhaps on the main or on the 
feeder, or even go as far as the switchboard, and if we are un¬ 
fortunate enough to be operating with a closely loaded plant and 
have electro-magnetic cut-outs which have not much margin in 
their adjustment^ the result will be that one of the machines will 
be cut out by the action of the circuit breaker. Instantly the 
others are all overloaded beyond their capacity and they will also 
become cut out. 1 have heard of similar instances which have 
occurred, and in one case it was found necessary to screw the 
weights or springs of the electro magnetic cut-outs until they 
became practically inoperative; that is, until their capacity was 
at least lOO or 150^ above normal load. It seems to me that the 
enclosed fuse will have a great sphere of usefulness in cases of 
this kind where safety and especially where reliability of service 
are conditions which dominate all considex^ations of price and of 
cost. There are difficulties, however, which still remain to be 
met, and these are the methods of connecting the fuses. It does 
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not seem to me that the mechanical conditions are properly, met 
or provided for. The terminals do not get as good contact as they 
mifyht. I have seen cases where the contact of the terminals to 
tlnSe protective fuses was such as to become warm. It would 
produce heat perhaps enough in some cases to operate the fuse. 
There does not seem to be"that interchangeability between the 
various fuses which is the desirable feature in all American work 
where all like parts are made interchangeable. 1 have found 
these arcless fuses very useful and in fact have found them indis¬ 
pensable in many cases even as they are. I have had to use them 
where all other methods have failed. But I think they are still 
far short of the sphere of usefulness to which they will attain, 
when the mechanical details, especially the methods of makiiig 
terminal contacts, have been worked out a little more periectl\ 


and satisfactorily. , 

Mr. Fremont Wilson :—There is not much _1 can say that has 
not been covered by my old associate, Mr. Mailloux, except that 
[ mio-ht refer to Mr.'Dunn’s question as to first cost. It is a 
very Vi-tinent question. I sent for Mr. Sachs some tune ago 

and asked him to go to one of the large hotels in this city and see 
if he could not induce the proprietor to pnt in his fnses. 1 had 
been about driven distracted with arcing of ^'^O-volt fu^s and 
the question of cost came up, and as is known all hotel men aie 
fiends on cost. Thev never look at the cost m the proper light as 
we consider it. Mr. Sachs was very neatly turned down. Tlie 
fuses have not been introduced,^ but they will have to go theie 
because the panel-boards are being disrupted very lapidly . J-be 
pSr eto n es a cheap make of lamp. He won’t buy 

rSdered the only lau.p there is ‘1“‘ 

™ it.eh™ar.c™‘s ihe base .ith the result Mr. Mailloux 
lias iust stated and although the circuits are protected hy so-called 
U, am?errluses, time aud time agaiu a feeder e.rcmt breaker , t 

100 amoere capacity has opened, and in one ease a mam ciicint 

X%euTaythrewh maeh^^^ 

across the base w mi . ir b. 

impossible, as I sec it. I ha ^t d to it, 

they come hack to the cost, nut ti ey P . f „„ Uayp bad 

and Mr. Sachs has simply got to *Lnts The cir- 

+ Ttipv bound to win out on isolateci plants,. 

meiitanly either m the lamp as question 

Ir; areT^S for -erll —e 

to-day is, what are ^5 1 ave had to make a reeom- 

f udirLd S "h “e I urn coming on. on it,.o mke 
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out the panel-boards and put in ones with the enclosed fuse, such 
as we have here to-night. 

Ms. Mailloux :—1 wish to add a few words on a point which 
was the principal point I previously intended to discuss and 
which I forgot. I am in doubt as to the expediency of providing 
cut-out devices for the generators when they exceed a certain size. 
A-S you know, in central stations no one thinks of putting in fuses 
unless they are so set or so designed that they will only give way 
at the actual burning or destruction point of the machine. ^ In 
very large installations 1 think that more harm may occur from 
having a large unit cut out as the result of overload than would 
result if it were allowed to run overloaded. This matter was of 
very great importance, especially in a case like the Astoria Hotel, 
where an occurrence such as I described a little while ago wherein 
the operation of one fuse led to the successive cutting out oi all 
the dynamos and threw the whole establishment in darkness, 
would be simply inadmissible—it would cause a panic and might 
result in the loss of many lives, to say nothing of the discomfort, 
inconvenience and annoyance it would cause. At the time that 
the Astoria Hotel plant was designed, the matter was very seri¬ 
ously considered and discussed, not only with the owners but 
witli all parties interested, even with the insurance authorities, 
and it was deemed, on the whole, best to make the arrangements 
such that the machines would operate substantially the same as 
under central station conditions. The fuses were placed at the 
rear of the board, where, if they did go off, they would not hurt 
or blind anybody that happened to be in front (for no one con¬ 
templates with very much pleasure the going off of a 300-kilowatt 
fuse), and they were so proportioned that they would take about 
twice the nortiial capacity of the machine to fuse them. But as 
it would not be pleasant to operate with 100 or 150^^1 overload, a 
relav device was introduced in one of the dynamo^ leads and so 
arranged that it would operate and close a local circuit and ring an 
alarm-bell and show a red light. It seems to me that this method 
of giving the attendant a hint that it is time to reduce the power 
or to do "something is much better than to shoot off a cannon, and 
it is probably not more dangerous. I believe for myself that 
when we reach a unit as large as 100 kilowatts it is time to trust 
more to the care of the attendant and his ability to act in an 
emergency than to trust to automatic cut-outs or fuses, because I 
think that their unexpected action, their going off at the wroiig 
time or at a critical moment, is likely to produce tar more mis¬ 
chief than even the burning out of an armature or the destruction 
of the machine itself. It is certain that in a case like the Astoria 
Hotel the owners v/ould far rather pay for a new arma¬ 
ture or a whole new generator than have to pay the damages that 
might result in consequence of a panic due to the sudden failuj'e 
of 1:he current supply. There are numerous other similar cases. 
The Astoria Hotel illustrates the point, because it is the largest 
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isolated plant in this section. But the same troubles occur to a 
s^reater or less extent in numbers of installations where the plant 
is much smaller. I think it might be well for the Ikstitute to 
consider this matter, since the insurance authorities are likely to 
be influenced by our views in the prescribing of rules on the 
subject. 

IIr. W. C. Woodward :—The plant with which I am connected 
as engineer is to-day the largest plant in this country, operating a 
470-volt 3-wire system, using 235-volt incandescent lamps. The 
plant consists of direct-connected generators in units of 500 kilo¬ 
watts, operating in multiple with a storage battery system of a 
capacity of 760 amperes on each side, discharging into the 3-wire 
lighting system, the network of main conductors in this system 
being underground in all cases; the feeders the same. Of course 
in designing this system it became necessary to provide for the 
difliculties that had been encountered in the 3-wire system of 220 
volts on the outside, recognizing, of course, the fact that the 
troubles would be magnifled very largely in the case of the higher 
voltage. New devices had to be designed, and they were designed 
theoretically entirely, as there was no practical commercial data 
on which to base calculations. It became necessary to introduce 
currents of large capacity and high voltage, protected by fuses, 
and the enclosed fuse was used in every instance through the 
entire installation, both underground and in the consumers’ 
premises. I will state that the fuses have operated on several 
occasions and operated as it was intended they should. I will sub¬ 
stantiate Mr. Sachs’ statement that copper gives a much more 
destructive result at the terminal than aluminium. We have 
short-circuited bus-bars and mains with copper, producing dead 
short-circuits, and the protecting fuses in every case have blown. 
Where the bus-bars have been actually short-circuited by copper 
strips, of course there has been considerable destructive arcing. 
Where it has been aluminium the arcing has been less destru(rtive. 
We And no trouble in the 235-volt enclosed fuse, and I think that 
Mr. Sachs can be substantiated at every point, as far as the 
enclosed fuse is concerned, that it is the only device that should 
be used in breaking circuits of high voltage, or, in fact, of any 
voltage. 

Mr. Steinmetz. [Secretary Pope in the chair.] I shall con- 
flne myself strictly to the topic of the paper. The paper and the 
discussion following it have been very interesting in dealing with 
fuses suitable for circuits of moderate capacit}’ and relatively low 
voltage. For such circuits fuses are generally and successfully 
used, but I must caution jon not to generalize too much, as has 
been done by the author and by many of the speakers, regarding 
the use of fuses, especially in circuits of lai'ge c'apacity and high 
voltage. Fuses, circuit-breakers, switches and other protective 
devices have the common feature that judgment on tlieir value 
can be derived only by experiment, or tests'^ and that such tests 
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are rather difficult to make, and the facilities for reliable tests are 
not always, or even rarely, available where large powers.and high 
voltage circuits are considered, and furthermore that the liability 
to be misled by inconclusive experiments and thereby to arrive at 
erroneous conclusions is extremely great, as great almost as it is 
with the primary battery. 

For instance, in the paper as read, _and_ by inanv speaker^ re¬ 
ference has been made to the short-circuit tests of tuses. 
the mere short-circuit test of a fuse is entirely valueless regarding 
the action of the fuse. I refer here to fuses intended to control 
large power; short-circuit tests frequently are more than value¬ 
less, tlicv are misleading in so far as they are liable to make the 
fuse appear to be able^to do a thing which it is not able to do. 
Take for instance, the tests given here in the paper as reterrmg 
to a fuse on a 2500-volt alternating circuit and a 500-volt direct 
current circuit, blow this should read, “ the tests of a fuse on a 
circuit on which, before the fuse was connected, 2500-volt.s a - 
tornatini^ existed, and after the fuse was connected a vei} sina 
voltas:e,'very few volts existed and a current limited by the arma- 
tiire reaction, or the short-circuit current of the aiterimtor, that is 
a current of unknown value, but probably quite model ate, was 
flowing until the fuse ruptured, and after the fuse had^ broken tlie 
circuit^ the voltage gradually, with an unknown velocity, rose 
again to the initial value.” 

" You see, instead of taking the trouble _ot short-circuiting 
2500-volt alternator, you might short-circuit a tew storage nat- 
teries with the same result. The result depends entiie y 
the short-circuit capacity of the alternator and upon the spee 
with which the alternator, after opening the circuit, recovers its 
voltage. That is, the test gives nothing regarding the cunent 
and the voltage ruptured by the fuse. This is the reason wh.y in 
the test referred to the action of the fuse was muen more ''.'o'ent 
on a 500-volt continuous current circuit, merely because in tl 
500-volt continuous current circuit, with the large magnetic held 
of its generator, the magnetic field held on after the fuse blew, 
and tlie voltage recovered rather rapidly after the blowing of the 
fuse, while the alternator with its high armature reaction and 
relatively weak field entirely lost its vo tage and re¬ 

covered after the fuse had already opened the circuik 
nlains the discrepancy of opinion on the action of the lOO-ampei e 
Ksed fu^^ Mr. Sachs, should rupture a 

500-volt circuit, and according to Mr. merely blow to ^ 
Mr Wirt put the fuse on a rotary converter which tianstormfe 
from an alternating system of unknown but probably very large 

capacity, while Mr. Bachs had only ^ 

So YOU see short-circuit tests are misleading and lathei mean- 
inglesi and the conclusions derived therefrom regarding fuse- 
protected circuits are not safe. 
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Let us then see how we should test a fuse to see whether it is 
reliable. One way would be if you want to make short-cu-emt 
tests to short-circuit a long line, oV better a cable, at the receiving 
end by the fuse, with such generator capacity at the other end ot 
the cable that with the short-circuit on one side the volt^e is 
maintained at the other end. Then, while the voltage drops down 
to zero by the short-circuiting of the fuse, in the moment when 
the fuse ruptures, the voltage^instantly recovers because it is con¬ 
stant at the other end. You see here yon get the maximum velo¬ 
city of voltage recovery. If you can rapture such a 250(>volt 
circuit with a half-inch fuse it is more conclusive than to short- 
circuit a Niagai'a generator for instance, by it, since the generator 
drops down in voltage. A still more severe test, a test liowever 
which represents conditions very frecjuently met, is not to shor^ 
circuit the system but to insert the fuse between a generator and 
a synchronous motor or converter, and then gradually load the 
converter or synchronous motor until the fuse blows, i hat is, 
see whether the fuse raptures the circuit between a generating 
system and a receiving system, which latter contains a live emn- 
ter E. M. E. What you get in the moment of rupture is this: 
While the fuse is still there, the generator of say 2200 volts sends 
current through the circuit against the counter b. m. f. ot the 
synchronous motor of say 2000 volts. When the fuse melts and 
the circuit begins to open, the generator and the motor mamtam 
their e. m. f’s, but rapidly, due to the opening of the circuit, the 
current decreases and the synchronous motor begins to slow down 
It drops one-half wave behind, but then the 2000 volts ot the 
synchronous motor are not in opposition to the 2200-volt genera¬ 
tor, but are in.phase and you have 4200 volts across the fuse. 
That is, the voltage is practically doubled, and if you can break 
away then with the fuse you can rely upon it, hut not if it opens 
a circuit after the circuit has lost its voltage. 

But there is one feature to be considered, which was not 
brought out by the paper, because the pa,per really is based on 
experience with relatively small capacities and small powers, 
while this feature is the dominating feature in circuits of large 
capacity and high power. That is, the - fuse or other -protective 
device must open the circuit so as not to endanger the circuit. 
Where you have a circuit containing cables or long distance trans¬ 
mission lines of very high voltage, you can not safely rupture the 
circuit instantly. The first eoiujition of any circuit-breaking de¬ 
vice is that you open the circuit so as not to cause any excessive 
rise of voltage by resonance between capacity and ^It-indnctance. 
This greatly limits the action of the circuit-breaking device, and 
it is a condition which practically excludes fuses ^ 

circuits, or at least makes them rather undesirable. Jhe action 
of a fuse is not a'gradual opening of the circuit in a high 
tial circuit, but in the moment when the fuse, blows, an 
and holds on, with increasing length flaring up until it suddenly 
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breaks. Tlie decrease of current is first quite moderate until tlie 
moment when the arc ruptures, and then jou get a sudden break 
of current which causes an oscillating discharge and destroys your 
cable, or at least makes a pin hole, and the next day anotlier’one, 
and after half a year or a year, the cable begins to break down, 
and these break-downs occur with increasing frequency, until the 
cable has to be replaced. The result is that as far as possible in 
high voltage circuits, fuses and other overload protecting devices 
are not used, but a rigid connection between generating systeoi 
and receiving system, and special care taken to make it impossible 
to open the circuit while alive. Obviously where the centra] sta¬ 
tion feeds a number of cables or distribution lines and the liability 
exists of troubles in one circuit or the other, you must be able to 
break away from the system, and there you have to design a cir¬ 
cuit-opening device which opens gradually and slowly enough not 
to cause a dangerous rise of voltage. Attention has been drawn 
to the explosive effect of fuses and how to guard against it. A 
certain violence, however, is inherent to and unavoidable in open¬ 
ing circuits conveying large powers; if we control a high-voltage 
large power alternating system, we have seen that we must not 
open circuit instantly, because instantaneous break of the circuit 
causes liability to destruction of cable, transformers, etc. The 
circuit-breaking device must open the circuit gradually, during a 
time in magnitude comparable with the time of one-half wave. 
That means in a 25-cycle circuit comparable with one-fiftieth of a 
second. Consider what power you develop at the point of break 
if you open a short-circuit gradually, that is, during one-hundredth 
of a second, on a large power distribution system as that for in¬ 
stance of the Metropolitan Eailway here in New York City. At 
the point of break, power is developed about equal to the explo¬ 
sion of some ounces of gunpowder. Then it is not possible to 
open the circuit entirely without explosive effect. 

Ton see then that the conditions as soon as you come to a cir¬ 
cuit of very large capacity and high voltage, are entirely different 
from those experimented with by the reader of the paper, and all 
other considerations are entirely overpowered by the condition 
that you must open the circuit under any condition, and that by 
a device which will open without resonance rise, and by expeod- 
ing during the opening as much power as is developed during the 
time of opening; that is, during a time comparable in magnitude 
with the time of one-half wave or one-half period. I do not know 
whether fuses ('an be made to do that, but I very much doubt 
that they can, clue to their inherent feature of opening the circuit 
suddenly. 

Mr. Sachs : — Mr. Steinmetz’s remarks are certainly pertinent 
to the paper. They speak of things that I have not done yet, 
but I am perfectly willing to do. I have not been afforded the 
facilities to short-circuit at the end of a mile or two of under¬ 
ground cable, for the simple reason that nobody would furnish. 
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the cable. I feel sure, however, that I can open a circuit under 
such conditions with less injury to the cable than, perhaps, Mr. 
Steinmetz considers fuses capable of doing. 

I have not been able to short-circuit a system of the size of 
the Metropolitan Company’s system, for the reason that neither 
the Metropolitan Company nor anybody else wanted to deliver 
over their system for this purpose—at least not in its entirety. 
You appreciate thoroughly that the first experimental device 
may miss fire. It is then simply a case of blowing up the sys¬ 
tem or blowing up the fuse. at o • *. 

In regard to gunpowder and gunpowder fuses, Mr. bteinmetz, 
when he made that remark, had, as we perhaps would say, quite 
a good deal more than that remark up his sleeve. Mr. Stein¬ 
metz has recently invented a veritable gunpowder fuse. He has 
placed a fuse wire surrounded by some explosive compounds in 
a tube, and then blown the fuse wire inside of the surrounding 
■environment, veritably getting the explosion that he desires. 
So as you readily see. Mr. Steinmetz desires an explosion ; he 
does not apparently want a fuse that goes quietly and nicely 

and properly. ., , 

Now in regard to what fuses will do and where they will do 
it and how they will do it, if yon will kindly refer to my paper, 

I think it is at page 147, “it is, however, only necessary for a 
protective device ” (fuse or otherwise) “ to accomplish s^ista^ 
tory results on the particular service in connection with which it 
is used.” When a protective device is constructed to operate in 
a trolley car, for instance, or to operate at the end of a long-ser¬ 
vice line, protecting a converter or supplying a house-service, it 
is not supposed, and it is not necessary that that fuse should be 
capable of being thrown across the bus of a 10,000-k.w. station 
to stand the sliort-eircuit there, as nobody would want to pay 
for a fuse for a converter service that would stand the latter 
service which in practice it would never be called upon to per¬ 
form. E'uses to stand the excessively strong blows can be con¬ 
structed and will operate without explosion. It is, however, 
essential to carefully consider size and arrangement, oome of 
the sizes that Mr. yteinmetz has named may be rather large, but 
I feel confident, from tests which I have made and from the 
experience in that direction I have had, that the energy thrown 
into a fuse of the type thi.t I have shown you can be choked ofl: 
and more or less absorbed and dissipated without bursting the 
tube, without exterior manifestation and without taring the 
cable, the dynamo or the flywheel to pieces. If Mr. Steinmete 
has any protective condition or proposition that he would like to 
have me try on, I stand ready at any time to take it up, and it 
simply remains for Mr. Steinmetz to furnish the apparatus. The 
test can be very carefully conducted by trying the fuse fimt 
under conditions of minor severity and gradually increasing the 
abnormal conditions. I do not expect Mr. Steinmetz to take a 
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large generator and short-circuit a fuse across it before he knows 
exactly what it will do. 

Mr. Steinmetz has said the capacity of the generator affects 
the device. I have stated that previously in my paper in the 
section on the general principles of excess-current protection, 
which I did not read. I discussed the generalities quite fully, 
and stated that too much stress cannot be laid upon the size of 
the generating capacity, the character of the generating capacity, 
the distance from the generating capacity at which the fuse is 
placed and operated, the character of the circuit and its impe¬ 
dance. I stated that the effect of a short-circuit or any abnormal 
current condition simply depends on the decreased impedance, 
assuming that the generating capacity remains at normal or 
rises in potential. Certainly where w^e have generating capaci¬ 
ties that go down, the proposition is comparatively simple, and 
that is the point 1 tried to bring out—that too much stress has 
been laid upon the mere voltage feature. A 2500'Volt circuit 
does not necessarily require an abnormally long fuse. It may be 
possible to use a shorter fuse than on a lower-voltage circuit 
where the generator and other conditions test the protective de¬ 
vice more severely. The short-circuit tests of fuses, which Mr. 
Steinmetz says are valueless, because they simply can be special¬ 
ized and not generalized, I cannot quite agree with. While it is 
a fact that there are overload conditions, a great many of which 
Mr. Steinmetz has named, that are more severe than a short- 
circuit test, yet it must be acknowledged that a device that can 
stand an instantaneous blow of the enormous amount of energy 
that must be instantaneously absorbed on short-circuit is cer¬ 
tainly the device that per se will possibly hold a pretty good 
overload under similar service conditions. Fuses should be built 
to meet conditions and not necessarily voltages. Similar condi¬ 
tions of energy rupture may exist at different voltages. I have 
absolutely short-circuited a fuse having a continuous running 
capacity of 600 amperes, on one of the largest 500-volt street 
railway systems in this country, with enormous feeders, at a dis¬ 
tance of only half a mile from the station, the station being one 
of two connected into the network of feeding conductors. I 
would also refer Mr. Steinmetz to page 151, where he will find 
a consideration of the gradual break. 

In regard to Mr. Wilson’s and Mr. Mailloux’s remarks I will 
first take up the matter of trusting to the attendant to open the 
circuit instead of to a simple automatic device. Such trusting to 
the attendant may serve very well under conditions of gradual 
overload, but it does not take care of the short circuit. The 
short-circuit rush is quicker than the attendant, even though he 
may be lightning-like in his movements. A device which by 
means of a current relay notifies the attendant when to pull his 
switch or operate his regulator or to do something to take oJff 
some of the load is excellent; but there exists no such means of 
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indicatinff to the attendant quickly enough the fact that soin^ 
body has dropped a screwdriver across the bus-bars on the switch¬ 
board or panel, or the occurrence of an equally severe abnormal 
condition. It would be better to have the device automatic. 
Simpler and safer automatic apparatus than a properly designed 
enclosed fuse is almost impossible. _ j. j. 

in regard to the instantaneous operation of fuses on overloads, 
I want to draw the attention of Mr. Steinmetz and Mr, Mailloux 
to the curve shown on page 155, which clearly demonstrates that 
when the overload on the fuse becomes excessive, and only at 
that time, does the fuse operate almost instantaneously. 
the overload be a gradual one there is ample time for the attend¬ 
ant, who should be at the switchboard to notice that his ammeter 
is reading higher than it ought to and pull his switch or operate 
the generator rheostat to lower the voltage, even perhaps before 
the fuse is blown, if the fuse is properly designed for that 
condition. Let the ammeter serve as the excess indicator, x 
think it is an absolute fallacy to put in a fuse to act as a pro¬ 
tective device which will continuously carry 100 or 50 per cent, 
above the capacity that the machine is supposed to stand, tor 
some length of time, but beyond which it is injured. If tne ±u^ 
carries it continuously it is not a protector for that machine oi 
other device if the relations are as stated. 

. Mr. Mailloux:— Does not pulling the switch reduce tlie 


Mr. Sachs :—It is by no means desirable to instantaneously 
throw off the entire load carried by a large generating unit tor 
various obvious and previously mentioned reasons, buck in¬ 
stantaneous break occurs when a switch k qumkly opened, but 
the opening of a fuse of the character described is of anotlier 
nature. Eeference has already been made to the gradnal lucrease 
in resistance of the structure between the fuse terminals which 
necessarily results in a more or less gradual break and butting 

Glffoct. . • • 

In substantiation I may refer to the tests of the indicator we 
without the fuse and the action of the complete l^se mth indi¬ 
cator (see page 153). It can readily be demonstrated that the 
fuse, at the Soment when it starts to go, does not let go with an 
instantaneous drop, but with a gradual slide. The toeak 

certainly must occur in a very short time-interval, but whatever 
that time-interval may be it is sufl&cient to ease the current¬ 
breaking effect far more than if it had been instantaneously 
choked off as in the case of electro-magnetic switch devils. 

The advantages of a time-interval device such as a fuse tor 
motor service need not be gone into here. The relative advan¬ 
tages of electro-magnetic devices, which are instantaneous, and 
time-interval devices such as fuses, as applied to motor service, 
are well understood. 1 believe it is universally acknowledged 
that for the protection of the motor and for the service that it 
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performs, except in certain particular conditions, where the 
machine driven has no timednterval overload capacity—such as 
a press, for instance—that a time-interval device is superior. 

In regard to Mr. Wirt’s discussion I must say that I certainly 
cannot agree with any rating of any electrical device, whether it 
be a fuse or circuit-breaker or dynamo or motor or anything, 
except at its continuous, constant running capacity. If we have a 
motor that will run at two-horse-power continuously why should 
we rate it at one? I do not believe that motor or dynamo manu¬ 
facturers or manufacturers of any electrical devices are willing to 
half or three-quarter-rate their electrical devices, yet the liberal 
fusemaker tells us that he is willing to rate his fuses at only three- 
quarters of what they actually carry. In other words, we are 
getting more than we want. But getting more than we want 
under such conditions simply means "that the generating apparatus 
or the motor or the wire may also get more than it wants or ought 
to have. 

The matter of destroying 100-ampere fuses on a rotary con¬ 
verter under the conditions that Mr. Wirt has mentioned is simply 
a condition as I have already considered. Any apparatus or device, 
whether a fuse or anything else, should be built to meet some 
particular condition or service. In the ease of a fuse or similar 
device this service involves the opening of an abnormal energy 
condition impressed upon it. It should not be expected to open 
several times its intended capacity. The 100-ampere fuses tested 
were apparently not intended to serve at the particular conditions 
of the test. But that by no means implies that similar fuses in¬ 
tended for such service are not available. It is simply necessary 
to provide different arrangements of the parts to produce the 
desired result. Mr. Wirt should not expect a fuse intended for 
some particular service to operate under any other. If Mr. Wirt 
will inform me of the conditions to be met, not only the voltage, 
I will guarantee to furnish him with a fuse that will operate 
satisfactorily. 

The matter of whether expensive fuses are the proper pro¬ 
tective device on a railway system, particularly in the cars, is a 
matter that I am especially interested in. It is a matter that I 
have given quite some attention to, and the fact remains that to¬ 
day we are able to sell in quite some quantities protective devices 
that cost three, four and five dollars apiece, whereas an ordinary 
open wire to perform the same service would cost perhaps five 
cents. Now that is an actual fact, and it is an object lesson, I 
think, that may indicate to Mr. Wirt the fact that tlie street rail¬ 
way manager is not simply looking for the cheapest device, but 
he is looking for the device which will permit him to operate his 
road most safely and satisfactorily. Mr. Wirt must remember 
that the first cost of an enclosed fuse is by no means the cost of 
using it. The refilling cost of the casing is not by any means an 
abnormal figure comparatively. 
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Now, with regard to Mr. Downes’ statement and also Mr. 
Menshaw’s statement in regard to the details of the construction 
of the fuses, I want to say first that the principles upon which 
the fuse which I have shown you this evening is based are 
peculiar. It has been a matter of'a great deal of experimentation 
to arrive at the exact combination of elements that produces the 
present results. You might put, for instance, a silicious powder 
in a tube, thread a fuse wire through and produce a 
combinatioTi, but ^ucli a. coiubiuatioii would produce exactly 
what Mr. Henshaw has said in regard to the lormation of an 
envelope or a tnbe of silicate. The mere formation of a combina¬ 
tion is not sufficient to produce au operative enclosed fuse. The 
character and form of the resulting cotniningling of the elements 
must be most carefully determined. This has already been em¬ 
phasized in the paper. ,. . ^ 

Whether the blowing of the fuse results in a combination ot 
the oxidized vapors and the tilling material, or whatever other 
forms of the vapors may comhine with the material, does not 
enter into the question at all. The fact is, that metallic va'pors 
will oxidize, and the fact also remains that such metallic oxide^ 
will comhine with non-metallic materials. In the matter of 
oxidation of an inclosed fuse strip that is surrounded by air, Mr. 
Downes must acknowledge that such a fuse strip enclosed in an 
air envelope is supplied and resupplied with air during the suc¬ 
cessive heating and cooling of the fuse. When the interior 
chamber is heated, the gases expand and the air is forced out. 
When the fuse cools, fresh air is forced in. So you are getting a 
continuous supply of air on the inside of the tube. I need not 
discuss the advantages of an oxide envelope formed around lead 
and tin fuse wires. That feature has been discussed in pr^ 
vious papers, and it is universally acknowledged to he a disad¬ 
vantage. , , 

The blowing of the 2500-volt fuse seems to have aroused some 

discussion ; also the word lag. When I spoke of lag I 
lagging of impressed energy or heat-producing effect. Whether 
this lag was due to the conditions in the dynamo or circuit 

matters not. y. £c 

Mr. Downes has stated his experience m regard to the ettect 
of the wire-surrounding environment on. the carrying capacity of 
the fuse. This result will appear entirely obvious ^ when the 
varying heat conductivities and capacities of the various mate¬ 
rials which may be used as fillings are considered. The paper 
has made note of this feature as a particularly important one m 
connection with the design and construction of enclosed 
(See page 149.) Mr. Downes’ idea in regard to the action of the 
strip shown in Fig. 16 is to a certain extent correct. It is quite 
true that the active material is a poor heat-conductor and per¬ 
mits the more rapid heating of the strip around which it la 
placed. This fact alone would, however, only result in a sim- 
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ilar condition to that described in the test on page 141, in which 
the holding of the molten fuse wire in metallic continuity, when 
encased in an ordinary environment, was clearly demonstrated. 

Fig. 16, however, shows that the wire in the center was en¬ 
tirely molten, but the rupture occurred at a point where, after 
the wire had attained a molten condition it was no longer per¬ 
mitted to remain in continuity, owing to the action of the pecu¬ 
liar environment at that point. 

It is probably unnecessary to refute at length any statements 
relative to the aceuracy(?} of open fuses. The opening chapters 
of the paper generally consider this proposition, and I believe 
the premises taken have good foundations. 

In concluding the discussion I will ask your pardon in repeat¬ 
ing the spirit of a former statement. Properly designed enclosed 
fuses can be constructed to open excess-current conditions in a 
manner unequalled by any other present form of protective 
device. 

Peof. R. a. Fessenden":— I have an item of new business to 
bring before the meeting. A motion has been drawn up by 
several gentlemen who are interested in electrical units, as 
follows: 

« 

Moved, That the Committee on Units and Standards be requested to inves¬ 
tigate and report at the ensuing meeting in regard to the advisability of the 
following: 

1. The giving of names to the absolute units of the electrostatic and electro¬ 
magnetic systems. 

2. The denotations, by means of prefixes, of multiples of such units. 

8. The rationalization of the present system by means of taking the abso¬ 
lute unit of magnetism as equal to the present magnetic line, and the absolute 
unit of difference of magnetic potential as equal to the present absolute unit 
of current-turn. 

4. The advisability of taking up any or all of the above matters at the Con¬ 
gress to be held in Paris this year. 

I have received the following letter from Prof. Elihu Thom¬ 
son, seconding the motion: 

SwAMPscoTT, Mass., ) 

March 9, 1900. ) 

To THE American 3 nstitute of Electrical Engineers : 

^ T desire to second the motion of Prof. R. A. Fessenden to request the Com¬ 
mittee on Units and Standards to investigate and report upon the subjects 
mentioned by him in the accompanying motion. 

ELIHU THOMSON. 


It will not be necessary to have any discussion about this at 
present, I suppose, as it is late aud as it is a matter for a com¬ 
mittee to investigate. 

It was voted that the resolution be referred to the Committee 
on Units and Standards, and the meeting adjourned. 
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[Communicated after Adjournment by Hom^ard R- Sargent.] 
TH>om the reading of the paper, experiments and discussion 
following, it would seem to me that the enclosed fuse has a large 
S fir 250-volt or 500-volt work up to 50 arnperes This would 
cover the wiring of buildings, protection of small motors, etc. 
For larger work, especially station work, it would seem fiom the 
discussion and remarks of central station men present that the 
held for the enclosed fuse would he very small, on account of the 
cost bulk and uncertainty of operation. 

Mr. Sachs claims that a fuse can be made which ^irelj 
enclose the arc and explosion, no matter ^ow severe the con¬ 
ditions, hut he does not state what the size of such a ^ 

be. From tests which 1 have observed it would seem that the 

''"LTonn^ctiin whh this, should a fuse of this type be buht to 
stand the most severe conditions which can be imposed upon it, 
or should it be built to take care of a short-circuit such as would 
be obtained at a distance from the central station . 

Referring to Mr. Sachs’ remarks concerning the metal ol tl 
fuse itself we presume, of course, that the reference to ^ 
Lidation of lead-tin fuse wires concerns only those ®“J“? 
fuse wires which are made of practically pure lead. A lead-tan 
fuse wire which is very rich in tin will not oxidize under ordmarj 

""" iS“the table given on page 155 it would seern that a very 
obiectionable feature of the solid^packed fuses is the varietyf 
diimeters and lengths. Each difEerent length and “ ^1}, 
bility each diameter would require a separate fuse block, and a 
central station manager or supply house would be obliged to car y 
an enormous stock, and in time of an emergency would probably 
■find that the particular size desired was not at hand. _ 

In the discussion Mr. Sachs stated that with the shunt 
incf fuse there was an appreciable tame interval in the ruptuie ot 
the circuit. Does this not emphasize the fact that the indicating 
fuse blows after the main fuse has gone, and that the shunt fuse 
therefore practically aids in rupturing the arc and also forms a 
menace to any inflammable material near tlie cut-out. 

During the discussion Mr. Downes stated that in order to take 
care of the more severe conditions, fuses ot the enclosed type 
require vents, and an examination of the lecturer’s samples shows 
that he has embodied this feature. Where then is the line drawn 
between an enclosed fuse and an open fuse? If these vents are to 
be placed in the ends of the fuses, are the enclosed fuses not as 
bad in certain ways as the open type ? _ The public know enough 
to keep away from an open fuse, but it seems to me that a luse 
as described above would resemble an ambush^ and lead to ser¬ 
ious personal iniury, if not to serious conflagration. 

In^eonnection -with this subject I should like to mention a 
recent test which I had the pleasure of witnessing. 
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Yukanized fibre tubes thick, 5" long, inside diameter 
were taken, and solid plugs were riveted in the ends so that air 
chambers f", 1", H” and 2" long were formed. After 30 amp. 
fuse wire had been inserted through the chambers, caps were 
riveted on the ends. These fuses were short-circmted dose to 
two 400-k.w. 25U-V rotary converters running in multiple. 

The first and second fuses were totally destroyed, the third 
fuse had the plugs blown out, and the fourth fuse was left prac- 
tieally intact. This would seem to show that it is a valuable 
feature to have a large air space for the vapors formed and 
expansion which takes place; also that the larger body of aii 
tends to form a cushion for the explosion. This experiment is 
merely mentioned on account of its being a 
and is not, of course, conclusive. 

Schenectady, JST. Y., March 30, 1900. 


rather peculiar one, 


[Communicated After Adjournment by L. W. Downes.] 

I can hardly agree with Mr. Steinmetz’s assertion that short- 
circuit tests of fuses are not only valueless but misleading, for, 
while I believe that they do not in themselves decide absolutely 
the value of that fuse as a protective device, they do unquestion¬ 
ably determine its effectiveness under conditions which are not 
at all uncommon in daily commercial practice. 

' Assuredly, nobody can claim that short circuits, particularly 
in direct current lighting and power systems, are of rare occur¬ 
rence. Quite the contrary, and a protective device to come at 
all within the requirements of commercial service must certainly 
be capable of handling such short circuits. 

I heartily second Mr. JSachs’ assumption in this matter, that 
the fuse must be tested under practical conditions and not under 
abnormal ones, or, in other words, the fuse^ should be designed 
for the service for which it is intended, and it is not at all reason¬ 
able to make a test, in the manner suggested by Mr. Steinmetz, 
using a synchronous motor. The conditions there that he de¬ 
scribed, viz., of heavy lagging current and the doubling of the 
voltage, are abnormal for any circuits other than those upon 
which such particular test is made. We certainly do not get 
such conditions in direct-current electric lighting. ^ We certainly 
do not get such conditions for transformer protection. We cer¬ 
tainly do not get such conditions in direct-current power work. 
Consequently,^ wherefore is it desirable that the fuse, which is 
used on these various systems, should be so constructed as tO' 
meet abnormal conditions which can never possibly occur on the 
systems for which they are specifically intended ? On the con¬ 
trary, fuses used for synchronous motor work must assuredly be 
designed to meet the peculiar conditions of the service, and it is 
quite within the possibility of the enclosed type of fuse, in my 
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opinion, to construct them, so that they will operate satisfac¬ 
torily, provided the current capacity called for is not too great. 

I believe that all tests of fuses should be carried on under 
conditions which as nearly as possible approximate those which 
are met with in commercial service, and it is the practice in our 
laboratory to carry on tests in that manner. All fuses are first 
tested for continuous load at normal atmospheric temperature, 
the duration of such test being sufficient to determine absolutely 
that the carrying capacity of the fuse is that at which it is rated. 
The operation of the fuse under conditions of overload is then 
determined, starting with comparatively small overloads from 
up to several hundred per cent., the current being adjusted 
previously to a definite value, with a fuse in shunt, and the over¬ 
load being then suddenly thrown upon the fuse. Finally, the 
operation of the fuse under short-circuit conditions, precisely the 
same as those that we have to meet in practice, concludes the 
test on that particular type. 

AVe, moreover, carefully avoid testing a fuse which is intended 
for use on 1LO or 52oO-volt service on a circuit of either higher or 
lower potential, which same applies to all the fuses that we man¬ 
ufacture. This, I believe, you will agree with me is a reasonable 
and accurate method of determination, and the results of the 
operation of our fuses in practice have certainly sustained us in 
this position. 

The limiting conditions, in my opinion, of this enclosed type 
of fuse are a matter more of cost than anything else, since witli 
increased capacity comes an increase of cost, which is by no 
means proportional. 

I feel that Mr. Sachs has fallen into the same mistake in his 
comparative test, referred to on page 158. He has attempted to 
make comparison between the solid-packed type of fuse and one 
of our type, without knowing definitely that they were designed 
to meet the same conditions. Such a test is obviously at fault, 
and the only way in which determinations can be made, which 
would definitely answer this question, would be by comparing 
fuses which were intended to meet some particular condition or 
class of service. 

This statement of Mr. Sachs is on the same line of reasoning 
as is his comparison of the short-circuit test of the 2500-volt 
alternating and the 500-volt direct current generators. He has 
stated in this discussion that he intended to use the term lag¬ 
ging of the current-rush ” to mean diminution of the energy. 

I fail to see wherein the word lagging ’’ can be usedto mean 
diminution, and in the case referred to the results were unques¬ 
tionably brought about not by a lagging of the current, but by an 
actual decrease in the current, due, as Mr. Steinmetz has so 
clearly pointed out, to the actual momentary wiping out of the 
voltage across the circuit, conditions which were clearly defined 
by experiments, which I have referred to before to-night. 
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I liaye given a great deal of study to both the solid-packed 
and the air-drum type of fuse, and my observations have all 
shown that a degree of sensitiveness and accuracy can be secured 
in the air-drum type that cannot be approached by any form of 
the solid-packed type of fuse, and, moreover, these tests can be 
substantiated at any time. 

Providence, March 31, 1900. 


[Communicated After Adjournment by the Author.] 

In reply to comnuinications of Messrs. Sargent and Downes. 

I believe, in justice to myself, that a few final remarks answer¬ 
ing those communicated by Messrs. Sargent and Downes, may be 
warranted, in view of the premises taken by both of these gen¬ 
tlemen. Mr. Sargent states that it would seem to him ‘‘that 
the enclosed fuse has a large field for 250-volt, or 500-volt work, 
up to 50 amperes. for larger work, especially station 

wmrk it wniiild seem from the discussion and remarks of central 
station men present, that the field for the enclosed fuse would be 
very small, on account of the cost, bulk, and uncertainty of 
operation.’’’ 

If the gentleman had taken the trouble to inform himself 
more fully in regard to the actual service being performed by 
fuses of my design, not only in ratings up to 50 amperes, but in 
current capacities up to 600 amperes, and above, he would prob¬ 
ably change his opinion as to the practicability of large fuses of 
this type. The* matter of cost is governed entirely by the char¬ 
acter of the service performed, and the necessity for such service. 

On the question of bulk, Mr. Sargent certainly cannot say that 
a fuse capable of running continuously at 600 amperes on 500 
volts and operating without arc under any excess current con¬ 
dition, and with a maintenance of its accuracy, is a bulky device 
when the completed fuse tube with its terminals measures only 
two and one-half inches in diameter by ten inches long. An 
800-ampere fuse for 500-volt services is only three inches in 
diameter and about ten inches long. If Mr. Sargent will IriiMly 
refer to the table in the latter portion of my paper, he will find 
that a complete list of dimensions is given of the various sizes of 

fuses, . 

Why the enclosed fuse should be accused of uncertainty ot 
action in view of the statements made in my paper, and the vast 
number of these devices in daily use, I cannot understand. Mr. 
Sargent has absolutely no reason for any such statements. If he 
has tested fuses of my design he has probably tested them under 
conditions for which they were not intended. I can but again re¬ 
peat that enclosed fuses can be built to do all that Mr. Sargent 
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reasonably desires without any uncertainty of operation, and that 
I stand ready to furnish him with such fuses. 

The objection made to enclosed fuses, based on the fact that 
fuses of different current ratings, and for use on different volt¬ 
ages would require different tube diameters and lengths, is a very 
old one, and scarcely can be considered as a very weighty one.^ 
One might as well say that owing to the different arrangement of 
circuits,''and the different conditions and voltages at which they 
operate, a large variety of wire sizes must be kept in stock by the 
supply house, but it would be very much better if the supply house, 
simply kept one size in stock. I hardly believe that this arrange¬ 
ment would meet the approval of Mr. Sargent, although it is 


practically analogous to the fuse case. 

It is scarcely necessary to again take up the action of the in¬ 
dicator wire, as this has been very fully considered in the papei. 
Mr. Sargent is, however, entirely incorrect in his assumption that 
the shunt fuse" (the indicator) “ practically aids in rupturing the 
arc and also forms a menace to any inflammable material near the 
cutout.” The indicator wire does not rupture until the resistance 
of the interior fuse lias been increased, cine to its disruption, to a 
point where the conductivity of the two paths—that is, the in¬ 
terior wire and the exterior indicator,—are almost ecjual. Then 
the current, passing through tlie shunt fuse, is sufficient to rup¬ 
ture it or iierhaps even before this condition is arrivecl at. liie 
indicator wire then ruptures almost instantly, but the interior 
wire is still not absolutely ruptured and, as has been stated m the 
paper, the final break occurs inside of the tube, and not outside 
I can scarcely see why Mr. Sargent should at all doubt this, attei 
bavin in'seen the experiments and read my papei. 

I would request that Mr. Sargent, however, should read the 
discussion, both at New York and Chicago, and probably obtain 
some further idea of the action of this indicator. I can only say 
to Mr. Sargent in regard to the ignition of lufl^nmable inatenal 
by the indfeator wire, that the test made at the Chicago meeting 
and mentioned in the Chicago discussion will probably do nuidi 
to clear £ point in his mind. The placing_ of vents at the end 
of fuse tubes^ is not for the purpose of pei-mitting an aic display at 
these ends, hut is simply blended to act as “ ^utiet 
the excess gases which cannot he taken care 

To ouestion .whether tlie enclosed fuses are as had m ceitam 
wav^as the open type is scarcely worthy of serious consideration, 
f am nleased to see that Mr. Downes agrees with me m the po- 
in building enclosed J ^o ™eet^on- 
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sliort-cireiiited at the bus-bars 'vrith 10,000 or 20,000 k. w. in 

back of it. , . 

1 must also agree with Mr, Downes in saying that the limiting 
conditions governing the operation of enclosed fuses is the matter 
of cost, which, in the very large sizes, rises disproportionately. 

I will not discuss in detail the matter of comparative tests be¬ 
tween the solid packed type of fuse of my construction, and the 
air-space type any more than to say that the record ot the tests 
shovm in the paper clearly demonstrates that the matter of hot 
and cold overload time ratio is in both fuses governed by the 
same general features. ^ ^ 

Finally, I must again take exception to Mr. Downes state¬ 
ment, ^'that a degree of sensitiveness and accuracy can be se¬ 
cured in the air drum type that cannot be approached by any 
form of the solid packed type of fuse, and moreover these tests 
can be substantiated at any time.” I regret to say that the sub¬ 
stantiation of such comparative tests is a matter which I am only 
too eager to do all within iriy power to bring to a detinite head ; 
but have irt the past found no reciprocation of this desire. 1 have 
not been able to lind any air-space fuse that was not beset with 
all the peculiar features of the solid packed type, and in addition, 
a number of others which made it by all means inferior to the 
construction of my design, in which the air-space is entirely 
omitted. Mr. Downes will find me decidedly agreeable whenever 
he is ready, to demonstrate the comparative merits of air drum 
and solid packed fuses, further and beyond the matter already 
included in my paper. 


Discussion at Chicago, April 2Tth, 1900. 

The Chairman (Mr. K. H. Fierce):— Gentlemen, I am sure 
we feel that Mr. Sachs has conferred a favor upon all of^ us who 
are interested in this subject by the able presentation of his paper, 
and that his practical demonstrations have been most interesting 

and instructive. . 

We have a number of gentlemen here this evening who are 
interested in this subject and who have carried on experiments, 
and some of them possibly have theories to advance. 

We would like to hear from Professor Jackson. 

Prof. D. C. Jackson: —Gentlemen, I was not aware when i 
came to town that there was a meeting of this kind on hand. I 
want to say, however, that the society is to be congratulated on 
having xMr. Sachs’ paper presented to it. It is evident that Mr. 
Sachs has eliminated the ordinary errors of experiment with 
respect to fuses in carrying on his work. I have not earned on 



1900.J 


DISCUSSION JN CHICAGO. 


191 


a great many experiments in the laboratory with respect to fuses, 
thontyh I have had a good deal of experience with their use in 
circuits. Several years ago I was, however, called upon by a 
manufacturer to give an opinion with regard to a certain fuse 
alloy, especially with respect to certain points. I made a test of 
the'alloy and gave my opinion, which was rather different from 
the opinion which \vas held with respect to similar alloys by many 
other people, and rather different from the results that had been 
presented in some papers that might be considered authorita¬ 
tive. I thus became somewhat interested in the matter, and at 
the time took advantage of the fact that one of my students was 
about to choose a subject for his graduating thesis."’ He 
was a very reliable young man, with keen intellect and consider¬ 
able initiative, and 1 persuaded him to undertake an iiivestigation 
of certain features of fuse wires. His results are briefly ])resen- 


ted in vol. xi, p. 430, of the Institute Transactions. 

In the process of doing this he looked up the basis of a great 
deal of the literature and brought it to my attention in a w-ay tiiat I 
perhaps would never have undertaken myself, and he found that a 
tmod deal of our literature up to that time was in error, due to the 
fact that the errors of experiment had not been avoided; as, for 
instance, a great deal of the experimenting which had been emTied 
on with respect to the change of resistance of the fuse when in use 
or the change of melting point of the fuse when in use—and when 
I say melting point I mean with respect to the amount of current 
carried—was replete with errors. These errors were due to the 

fact that the environment of the fuses under test had not been 
taken into account. Consequently, in a fewHiours a fuse might 
appear to show a higher resistance than its initial value or per- 
liaps the fuse would melt at a lower current than appeared to 
he sufficient to melt it under similar conditions at hrst. i>ut 
these apparent changes were false and were due laigel^ to tie 
effects of the environment, which had not been eliminated. iQU 
will find that some authoritative papers of a few years since are 
all in error on these grounds. I think Mr. Sachs has appreciated 
the errors of experiment and produced a suceesstul result pai- 
tially because he has eliminated those errors. 

Txin Chaikman We have with us Mr. Varney, whose expeii- 
ence in the laboratory of the Chicago Board of Underwriters has 
undoubtedly brought him in contact with the recent developments, 
in this art. We would be pleased to hear from him. 

Me T Vaeney:-! think it would he well to explain that we 
have another gentleman present to-night who has done that work 
and he would be much better able to discuss his results m that 
direction than I. Mr. Glover, of the 

conducted a considerable investigation J ^ 

would be better able to tell you about that than ! would, ine 

work that I have had to do has been “OJ® SJ^mall 

work in the ^ towns of the central states. In the 
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towns they are hardly educated yet to the point of enclosed 
fuses, blit 1 venture to say if they were,it would result in very 
material decrease in the fire risk. In many of the small towns 
they have some crude types of fuse, in some instances perhaps 
wooden fuse plugs and things of that sort. Undoubtedly this 
would be a great improvement over most of the fuses in use. 

Me. B. H. Glover : — Mr. Chairman, I appreciate very greatly 
the privilege of being here this evening and the privilege of having 
the floor. This paper has been one of great interest to me, 
because the subject of fuses has been brought to my attention in 
so many different forms and under different conditions that I am 
glad to know of a device which apparently has overcome most of 
the defects inherent in fuse devices. 

There are one or two points that I noted in this paper which 1 
would like to speak about. One very important point mentioned 
on page 156 is that in the manufacture of these fuses every effort' 
was made to determine the accuracy and reliability of the fuse by 
actual test. I find that it is a great fault with the manufacturer 
that he does not fully understand perhaps his own product. For 
instance, 1 know of a manufacturer who has no electric current 
in his factory, and in making fuse plugs or rheostats, if he ever 
makes a test, he has to put a number in his pocket and go three 
or four miles to the village electric light plant and connect up 
with the station meters and possibly get some results. 

The position of the underwriter at the present is, if possible, 
to do away with the use of the varied forms of open link cut¬ 
outs. They have proved their unreliability, but perhaps have 
served their purpose well in bringing the electrical engineer to a 
position where he can appreciate the necessity for a more perfect 
device. The introduction of the enclosed fuse from the stand¬ 
point of the fire underwriter must be encouraging and gratifying. 
The effort should be made, if possible, to standardize these de¬ 
vices, and in conversation with Mr. Sachs I was very much 
pleased to find that he had adopted the same length, I believe, 
and space-distances, with his fuses and bases as have been already 
introduced by some of the other manufacturers of enclosed fuses. 
If a standard can be outlined for these devices, the various man¬ 
ufacturers can then use their ingenuity and wisdom in perfecting 
the details of the device. 1 note that with some of these 
bases it is possible for the fuse to jar or slide out of position, 
which is a slight mechanical defect which could be very readily 
remedied and would make the device more reliable perhaps 
under the various conditions it is liable to meet with in service. 

There are one or two questions that I would like to ask, if I 
may have the privilege, as to the possible effect of the shunt 
wire indicating device, especially on the smaller fuses: whether 
the rating of the fuse takes into consideration the ver)^ slight, 
but perhaps appreciable, carrying capacity of this shunt wire? 
And also, as to the compounding of the active environment. 
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whetlier it is possible under certain conditions to have this envi¬ 
ronment separate out so that the active material v^ould not be 
brought into active connection with the whole fuse wire? 

Mr. Sachs: —In answering Professor Jackson first, I do not 
want by any means to have it considered that this concludes the 
discussion, because I hope it does not. I must say that amongst 
the literature on fuses, that the paper to w^hich Professor Jack- 
son referred is one of the shining lights, because it seemed to have 
first brought out the feature that the professor mentions, namely,, 
the fact that the fuse for its accuracy and for its action almost 
entirely depends upon the environment. Now, by environment 
I not only mean the material itself, but the character and the 
form and also the condition of the environment. I must, how¬ 
ever, also add that while this paper possesses peculiar merit on 
that issue alone, and even if it possessed none other it would be 
striking in view of the fact that so many writers on the question 
of fuses have not sufficiently grasped the subject at all. 

In general electrical practice fuses have been regarded more as 
a necessary makeshift than as an accurate, safe ana reliable pro¬ 
tective a,ppliance. Wiremen and others, who handle these devices, 
have used them on the basis that if what is required is not at 
hand, use anything that is, and put it in. 

Now, in taking up the question of the fuse protective device 
from an engineering standpoint, and endeavoring to attack the 
problem from an actually scientific basis, it may seem that per¬ 
haps small fish have been fried. But that is not the fact; be¬ 
cause the fuse protective device is a universally applicable and 
essential apparatus, whose use is increasing instead of decreasing. 
The demand to day is for a protective device that shall be safe 
and accurate. Now, if the old fuse is not, something else must 
be produced. 

Mr. Glover speaks of standardizing the fuse of the enclosed 
type, and certainly nobody is more desirous of standardization 
tiian the manufacturer, for the simple reason that if there is one 
standard type of receiving device used for the reception of 
these fuses, why then any one manufacturer can go into any 
other manufacturer’s block and sell fuses where the other fellow 
previously sold them. Specialization for individual custom is^ 
the thorn in the side of economical manufacture. I know that 
I for one arn highly desirous of standardization in this direction. 
The fact still remains that some fuses are capable of being placed 
where others cannot be placed; and while it is probably fairly 
possible to adopt common lengths, it may be essential to vaiy 
detail construction in exactly the fashion that Mr. Glover has 
mentioned. 

The condition that Mr. Glover mentions in connection with the 
jarring of the fuse, refers, I presume, particularly to the snap 
contact block, in one or two sizes, in which it is possible to shove 
the fuse lengthwise. That is to be remedied. We have found, 
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however, 110 objection to the jarring, although a number of these 
blocks have been in position. It is scarcely possible to suffic¬ 
iently jar such a cut-out, as ordinarily installed, to produce this 
condition. The shunt resistance to which Mr. Glover’s other 
inquiry refers is not at all taken into consideration in rating the 
fuse, owing to the very high resistance of the shunt indicating 
wire. I have forgotten the exact resistance of the wire per inch, 
but it is very high. I believe a six-inch piece measures some¬ 
thing like 15 or 20 ohms. You will readily appreciate, there¬ 
fore, that when such resistance in its proportionate length to the 
size of the fuse on which it is used is shunted by such extremely 
low resistance of the high conductivity main fuse, that the cur¬ 
rent is shunted out of the high-resistance conductor and passes 
practically entirely through the fuse conductor itself; so that 
under normal conditions the percentage of current flowing 
through the indicating conductor is a negligible percentage of 
the current carried by the complete fuse. In fact, it is not 
taken into consideration in rating any of these fuses. On verj^ 
delicate fuses of quite some resistance, where the carrying capac¬ 
ity is. a small fraction of an ampere, an indicator wire of the 
type I have here cannot be used. 

It seems rather strange that it was necessary to go through all 
this experience with arcing fuses before it was actually possible 
to get the electrical fraternity to appreciate the necessity of a 
protective device that eliminated the fire hazard. Back in 1890 
I had the greatest difficulty in trying to interest people in this 
device. It could not be done One gentleman said to me, as I 
often hear to-day, What is the use of putting the fuse in a tube 
when it works without a tube?’’ And I even find to-day that 
appreciation on the part of the user will come slowly, but I be¬ 
lieve when it does it surely will stay. 

As Mr. Glover says, the underwriters will necessarily always 
favor a device that adds to the safety of an electrical installation, 
and I believe, after the electrical contractor and the user has dis¬ 
covered the fact that it is really cheaper to get rid of this fire 
hazard and pay a little more money for his fuse, that the enclosed 
fuse will become universal. 

I note that Mr. Cutler is present this evening. Mr. Cutler 
entered into the discussion about a year or two ago on the en¬ 
closed fuse, and I know we would all be pleased to hear from him. 

Mr. H. H. Cutler :—Mr. Chairman, I would be glad to say a few 
words if I can assist matters any. I might start by saying that 
three years ago, when the enclosed fuses were put on the market 
in practical shape, I was very much interested in the question. 
It was just what I had been looking for, and I received it with 
•open arms. I wanted it for a peculiar use. It might be interesting 
to state what that was. I had been manufacturing, and still am, 
;as most of you know, a device for starting motors, and on a great 
many of them 1 put what is generally known as an overload 
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attachment. This overload attachment I have always known was 
of no earthly use as a circuit-breaker. But most people think to-day 
that it is a circuit-breaker. It is only of use for normal overload. 

I wanted something to make a complete device to get on the 
market with. I had had enough experience to become disgusted 
with open fuses a good many years ago^ and when the enclosed 
fuse came out I put it on my device and I went so far as to 
advocate its use in my catalogue. I think it might be interesting 
to read just what 1 say about this enclosed fuse in my catalogue. 

I tore out a page on my way down here. The prices given on 
page 21 of our catalogue include the furnishing of a pair of 
enclosed fuses, rated to blow at a current twice as great as the 
ampere rating of the motor for which the starting rheostat is fur¬ 
nished. Our overload attachment will satisfactorily protect the 
motor frona abnormal currents up to overload, according to 
the position at which it is set. Should a short-circuit occur or a 
very heavy load be suddenly thrown upon the motor, the fuses 
can be absolutely depended upon to blow. This they will do with 
absolutely no arcing whatever, thereby constituting a distinct 
advantage as a fire risk over the use of a circuit-breaker, which 
draws a long, flaming arc when opening a circuit carrying an 
abnormal current. The enclosed fuses have no mechanism to get 
out of order or parts which can be improperly adjusted by unin¬ 
formed persons. They will not rust or deteriorate, are unaffected 
by moisture, temperature and other external conditions, and will 
be found ready to act at any time without requiring the slightest 
attention. By using these enclosed fuses in connection with our 
overload attachment, the fuses will never be called upon to act, 
except in cases of accidental short-circuits. Both the motor and 
the starting rheostat are as perfectly protected as it is possible to 

have them.” _ i 

I thus constituted myself aii advertising agent for the manu¬ 
facture of enclosed fuses, for which I did not get a cent.^ I am 
simply doing it in the interests of good engineering, and it helps 
our apparatus ; it helps its reputation. However, you know that 
most people will not pay anything for it. As a matter of fact, 
not U)% of our apparatus goes out with enclosed fuses on it, 
because people won’t pay 20 or 40 cents more on a rheostat that 
costs them all the way from $10 to $50. At the same time, I 
asked my order clerk to-day on coming in about how much 
money we were spending for enclosed fuses that w^e gave away to 
people, and I found it was costing us about $50 a month to advance 
this cause of good engineering. 

I might say after I adopted it myself I took an agency and 
wanted to help the thing along, and I tried to introduce them 
among my acquaintances here in Chicago. One of the first per¬ 
sons I called upon was my friend Pierce here. I showed him one 
of the fuses, and he said: ‘'It looks like a pretty good thing. 
Just leave a few and we will trj’ them,” That is the last I ever 
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heard of it. That was two years as^o. I took them out and showed 
them to a dozen people and had about the same result. I found 
that the only way I could get rid of them was to give them away. 
isTobody would pay for them. 

There was one thing I noticed here—the difference between 
the merits of the solid-packed fuse and the fuse with an air space, 
l^'ow, from the description which Mr. Sachs gave us I am not 
clear whether his fuse has an air chamber or not, and I would 
like to have him answer that. But I noticed that Mr. Sachs him¬ 
self stated an objection to the solid-packed fuse, namely, that the 
metal would stay in a melted condition and thereby create an arc. 
What I have always understood as the advantage of the air space 
was to prevent this molten metal from allowing the current to 
continue to flow. It also seemed to me, as I understood the paper, 
that the reason the solid-packed fuse blew before the fuse with 
the air chamber was due more to the character of the metal 
which Mr. Sachs used in his fuse than it was to the existence of 
the air chamber. That point I am not clear on. 

I also noticed another thing, that you have got a very nice 
name for this fuse, a “no-arc” fuse, but at the same time it 
does arc. IsTow, the enclosed fuse possesses the distinguishing 
advantage of having absolutely no arc, and while in a great many 
cases, of course, this little arc with the wire is no objection, 
in some cases it would be, but it destroys the theory of the 
thing. It is so pretty to say a fuse blows wlien you don’t 
know it. 

Me. S^chs :—That is just exactly the point, it is too pretty. 
It is pretty to the extent that you don’t know it; but you want 
to know it. 

Me. Outlee:— Well, I think the indicator might be an advan¬ 
tage, but I think some people wouldn’t want it if they were 
going to use it in a flour mill or anything of that kind. 

Me. Sachs: —1 ou don’t have to use the indicator, you know, 
if you don’t want it. The sole use of these fuses is not confined 
to flour mills or powder magazines. 

Me. Outlee : — No, you ^on’t have to use it. But it is not a 
“no-are” fuse with that indicator on. 

Me. Sachs If Mr. Cutler will carefully read my paper he 
will find that the action causing the disruption of the indicator 
can by no means be considered as resulting in an arc. In order, 
however, to thoroughly convince Mr. Cutler I will blow several 
fuses with cotton lint packed around them. I hope Mr. Cutler 
will at least be partially satisfled with these tests. 

Mr. Cutler : — I heard you speak very favorably of the under¬ 
writers just now. I think a good deal of the underwriters some¬ 
times, but sometimes I get very much discouraged, which, in the 
case of these ai^ticles that you referred to just now, was due en¬ 
tirely to the obstinacy of the underwriters in New York City. 
Possibly, very few people knew what made me arrive at this 
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inquiry. It came about by a law that was passed m New York 
City wbicb required every person wlio installed a motor to put 
on a circuit-breaker. 1 was very much disgusted witli that law 
because I was not making circuit-breakers. It came about 
through a teat started under the auspices of the Edison lilumi- 
natinl Company, and all the manufacturers exhibited starters in, 
and an enclosed fuse was suggested at thattime. Now, the chief of 
the Electrical Department was present when this circuit-breaker 
was presented but took no interest whatever in this enclosed fuse, 
which acted perfectly; there was no fire risk whatever, and it 
showed by the test that was made to be more depended upon 
than any circuit-breaker that was exhibited. Nevertheless, that 
rule was passed, that it didn’t make any difference whether you 
used an enclosed fuse, the circuit-breaker had to be put on. that 
is one thing the underwriters do sometimes. 

Now, I have always been a strong advocate of fuses, and, as 
some of you know, I‘have put them in places where other people 
think they are worse than useless. Eor instance, I noticed that 
you mentioned the fact that the fuse could not be used in the 
place of circuit-breakers on account of the time taken to replace 
them. Now, of course, that is very easily overcome by having 
several fuses with switches to throw them on. I have found 
also that they can be used on switchboards, and they can be used 
on railway feeders, provided you get good circuit fuses up to a 
thousand or more amperes, though up to the present time I have 
never seen one. But if you got them you would have a very 
great advantage over the present circuit-breaker that is being 
used, namely, that nine times out of ten when the circuit-breaker 
blows it ought not to blow. If you put a fuse in in pkce of 
the circuit-breaker it would not blow so often._ So that it 
simmers down to the question of expense of renewing the fuse^ 
If that could be got down cheap enough, I would prefer them 

to the circuit-breakers. ^ , 

Another thing you brought up that I noticed was your sug¬ 
gestion of shunting switches to take the arc off. I think that 

would be considerable of a nuisance. , ,. 4 . t 

That brings us to another fact that I would like to state, i 
have gone on record several times as stating that the open fuse 
was a relic of the past, and I think also that the ordinary double- 
pole knife-switch is another and is not going to last If switches 
were built properly there would be no need of shunting theiii with 
a fuse, and switches are going to be builtproperly so that they 
will not only act as switches, but also as circuit-openers, so that 
thev can be quickly opened and closed, no matter whether the 
current is on or not. That is the thing we have got to have and 

''^Me^^Saohs:—I think our chairman is quite familiar with the 
fuse question, and I think he ought to say something either pro 
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The Ohathmai^j’ :—I will saj something in regard to what Mr. 
Cutler has said here, which might indicate to people who do not 
know me that I did not appreciate the advantages of a good- 
fuse. In the first place, I have always been strongly in favor of 
the fuse, and most strongly opposed to the use of circuit-break¬ 
ers in places where fuses should be used. This applies most 
commonly to the use of circuit-breakers on incandescent circuits. 
One example is enough. The other day in going over a plant 
which was originally designed by other people, but which we 
are at present completing, I found that they had circuit-breakers 
controlling^ the generators on an ordinary lighting circuit, and 
that the circuit-breaker would go out before it would blow a 
sixty-light fuse, the circuit-breaker being put in to protect a 
direct-current hundred-kilowatt machine. I think that one illus¬ 
tration is enough to show the foolishness of this indiscriminate 
use of circuit-breakers, due to the eloquence of the gentlemen 
who are selling them. 

In regard to my seeming indifference to the enclosed fuse, I 
will say that that was probably due to the feeble efforts of the 
salesman. ^ This may be excused pos&ibly by the fact that there 
was “nothing in it,’’ as he has explained. Shortly after seeing tlie 
enclosed fuse, which, as the gentleman says, I approved in a 
general wajq I set myself about to design a switchboard in a 
plant where this could be used. I don’t mean to say that I was 
going to design a plant just to work this fuse in, but I had a 
place where they would go if they were all right. I found that 
the makers had a fuse which would do all right where it con¬ 
trolled but a small amount of energy, i. for alow-voltage, small 
current which was already cared for pretty well by the Edison 
plug,(which was approved by the underwriters.) but I found when 
it came to getting anything for higher potentials and large cur¬ 
rents, that, in the first place, I couldn’t get them at all; and, in 
the second place, there seemed to be no standard adopted; and,, 
in the third place, I got very meager information as to what the 
people who were building these fuses could produce. So that 
possibly my trouble was not due to any deficiency of 
the salesmen, who probably had met these same difficulties*', and 
thpefore did not come back to me, but was due to the fact that 
this matter had not been taken up in the same scientific and 
thorough manner in which Mr. Sachs has taken it up. In other 
words, the enclosed fuse was not at that time developed ; and I 
will say that the last attempt that I made to get a large fuse 
was a failure. 

In laying out a plant it is necessary for an engineer to have at 
hand some practical data of sizes and dimensions. You can’t 
lay out a switchboard and then trust to luck to find fuses to fit 
the switchboard and terminals. If you do, you will have to 
make the switchboard over, and there will be an extra expense 
for that. I think it is very safe to say that as soon as these fuses 
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are reduced to a standard they will immediately be adopted by 
the engineers for all cases which have been covered by tbe 

manufacturer. . i t -n 

In reo’ard to Mr. Cutler’s conclusion on switches 1 will say tiiat 

I was very much interested in the ideas set forth on page Ibl ot 
using a fuse something like this to shunt a switch because it it is 
possible to use a fuse that will handle voltages which Mi. Sad 
says he can handle, it seems to be a satisfactory way of doing 
something which 1 have not yet seen done satisfactorily-- 
that is, tKe breaking of circuits of very high-potential. Any 
remarks about switches used for this purpose^ 
sidered a criticism on the manufacturers and might be inoppoi- 
tune, as these switches are in the development stage hut i can 
see how this use of the fuse may be very desirable m ceita n 
cases, and I hope that Mr. Sachs will at some time in the futuie 
give us information that will enable us to know what we can do 

In regard to the question that Mr. Cutler raised about opening 
circuits with switches I notice that the recent writers on this 
subject have drawn a distinction. ^ 

wording, but I think it is between what they call ciiciiit- 

openers” and “current-openers^-that is between a d^^ 

which shall break the current and one which shall open “ejiii ; 
cuit. In a great many cases it is very desirable to have a device 
which will open the circuit when there is no current on, which 
can be done^veiy cheaply. Where we have very high volta^^e 
feeders it becomes very expensive to go into the 
plicated and costly switches for opening these circuits while car¬ 
rying current, and ordinarily these circuits do ’^ot /rave to be 
opened with great frequency, and in many eases 
switch is all right. The fuse such as has been described her e, 
if used in very high voltage circuits, gives us a means of opening 
the circuits occasionally and under abnormal conditions when v e 
are compelled to use a switch or some device as a current- 

Cutler I would like to say a few more words about the 
position which I took in not advocating fuse for a switch 

The greatest objection to it is that it IS not fool-pioof. 

can’t let a man, after he has opened that switch 
the fuse. That is the greatest point which manufacturers of 
electrical apparatus have to contend with—to make their appli¬ 
ances “ fool-proof.” You have got to make it not only so that it 
will work, but so that it is bound to work under any eondi- 

was reading an article to-night in which it was stated that 
the rule of writing correctly was to write in such a way, not that 
it could be understood, but so that it could not 
That applies to making machinery. It is aU right theoietically, 
of course; it stops tlie arcing. 
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Now, in regard to what I said about knife switches, it is not 
expensive to make knife switches properly; in fact it is not L 
expensive as the way they make knife switches now. ’ I allude to 

expensive to .Se a 

£ist-elass clip switch. Switches that you buy have three or four 

iX S®™’ tbe e-dges of one or two 

and the others won t touch. To make a good one you have eot 

to grind them to make a perfect contact. The ideal way to mfke 

boTsftW^r^ and tip them with car¬ 

bon, so that the laminated leaves leave before the carbon does 

them and I have never had one complaint, and you get no burn- 
cafbS^*E®^ copper contact. All the arcing is on the 

SrSi Sth’fC\Tf -IT* big a 

SS Tlit swLlT •?/ T the circuit- 

switch will not cost as much money to build as the 
switches that are on the market to-day. 

ihere are those two objections then to putting a fuse across a 
switch, that It is cot “fool-proof” aod it is not'neoSrT 3 il 
saves no money, in my opinion. «ceb.dry, ana it 

The Chaiemah:— 1 would like to say in regard to the nae ef 
Mr*r.Tl °^^^®rit-breaking that there is no dfscussion between 

Mr. Cutler and myself, because I take the same position The 
switch is unsuitable for breaking current where the 
swi ches carry a large amount of energy.^ If we could Lt a 

iZl monef as good as the circuit-breaker and get it for 

less money, that is something we would be very Had to^et Tstyi 

W liroTd fit'S.e'Sr 

cases and I don’t see that a fuse in connection^ he sS 
would be of universal application. What I su Jge^is that S 

S? voItagTs"’^ ^Thesf'"f ft- c^sel^of extremely 

ign voltages. ihese extremely high voltages ^re usual!v pt/ 

ployed onl^ym long-distance transmission from ceXrs^ 
which central stations require the attendance of iSSLen S 
experienced men; and while it is probably absolutely nCsarv 
to make an isolated plant “fool-proof’’ from onp ^ ^ 

as far as possible, to do that is practically impossible in a lar^e 
central station, and there is a limit tr. ^ ^ ^ 

insMMon It ijprobhWy cheeper in a large someamee to 

paj for . httle bettor gtode of man thaf it ie to plj 
much higher grade of complicated apparatus. ^ ^ ^ 

Me. Sachs :-Mr. Chairman, I wish to answer Mr Cutler’s 

almTf^ begin that answer with L 

almost complete exoneration of the underwriters. ^ 

_ I have had quite some experience with the underwriters and 

ha™ also been d,ree% connected with one of the mSS 
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boards. Mr. Cutler Las labored under a slight misconception— 
perhaps it would be better to say he has applied a misnomer to 
tlie board that acted upon the matter of motor protection in New 
York, where I resided up to about a year ago. 

Me. Ctjtlee That is right; it was not the underwriters. 

Me. Sachs :—It was not the underwriters by any means. In 
fact, the underwriters were entirely rational in the matter. But 
it was the Municipal Inspection Board that made this peculiar 
ruling. The underwriters by no means wanted a circuit-breaker 
installed with every motor. 

I wish to explain to Mr. Cutler the difference between a solid- 
packed enclosed fuse and an air chamber fuse. I have named my 
fuse generally the solid-packed fuse in the course of the paper, 
which Mr. Cutler only saw this evening, and hence has not fully 
perused, or he might know that I speak of two types of solid- 
packed fuses. The mere packing of a tube and the throwing into 
that tube of chalk or sand or flue dust or anything that you can 
lay your hands on does not make an enclosed fuse that is accurate 
or safe, and such an enclosed fuse has the peculiar characteristics 
that Mr. Cutler mentioned, namely, that it is not accurate and it 
is not safe, for the simple reason as mentioned on page 141 and 
ac^ainat the bottom of page 139. Mr. Cutler will find on page 141, 
for instance, the record of a test of an “ X ” solid-packed fuse. 
This is a fuse with chalk thrown into the tube. Such^ a fuse as 
this, with the wire in a molten condition, is absolutely inaccurate. 
And he will also find by continuing on in the paper that it fully 
discusses the matter of surrounding the wire with a material that 
eliminates this peculiar hanging, and this material requires the 
most careful selection, but by the use of such material, which 
completely surrounds the fuse wire and fills the casing between 
the wire and the sides of the casing completely, vre also obtain a 
vast multitude of advantages over the air chamber fuse. 

In the first place it must be remembered that any fuse sur¬ 
rounded by air always retains some of the disadvantages of an 
air-surrounded fuse as far as accuracy is concerned, although to a 
very great extent it may be practically safe.^ 

The detrimental results of oxide formations around the air- 
surrounded fuse wire in either case greatly affect the operative 
accuracy of the device in time. Aside from this feature, the absorp¬ 
tion of at least some, if not all, of the gases of disruption in farm¬ 
ing a combination with the filling is unquestionably capable of 
better results than when these gases can only be destroyed by 
parting with their heat in passing through the interstices of the 
filling. The amount of metal^ dissipated is also an important 
item. These points are fully discussed in the paper. 

The fuse that I have devised is a solid-packed fuse, which 
type, I claim, is superior to any other, as it contains the minimum 
amount of air, it absorbs some of this disruptive energy—I don’t 
say all, but some—it is absolutely accurate and cannot fail to 
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operate when overloaded. Owing to the fluxing action of the 
tilling on the wire surface it is impossible for the fuse to contin¬ 
uously carry more current than it is designed for. 

The matter of the indicating wire being in its action contrary 
to the name of the fuse, I beg most strongly to take exception 
to, for the simple reason that, as I have shown yop, the indi¬ 
cating wire does not arc, It is simply melted, the break being 
really shunted by the final interior break. To prove this I will try 
the experiment previously mentioned. 

[Mr. Sachs here placed dry cotton Avaste upon an enclosed 
fuse and blew it without setting fire to the waste.] 

Perhaps that will satisfy Mr. Cutler. Mr. Cutler must re- 
lumber that an arc and a mere melting are two different things. 
What we are getting there is really a melting of the indicator 
with perhaps a slight spark. I seriously doubt that there is any 
material, except gunpowder, or perhaps acetylene, illuminating 
01 other highly inflammable gas, that if brought in direct con¬ 
tact with that little spark would actually be ignited by it. But 

^an indicator, but if 
Mr. Cutler finds this feature undesirable, it can be gotten rid of 
very easily. All you have got to do is to take your penknife 
and cut it off. ISTow, if Mr. Cutler would rather use fuses with¬ 
out indicators, he is entitled to do so. But I shall not charge 
any more for the fuse with or without an indicator. I am a fiimi 
believer precept that you should always know what you 
are about before going ahead. Ton can’t go ahead until you 
know whether your fuse has blown or not. If you have an in¬ 
dicator to show that it has blown, all guesswork and risk is elim¬ 
inated. We have had a number of cases brought to our atten¬ 
tion in which the enclosed fuses were to blame for serious results, 
|imply because they had no means of notifying the user when 
they were disrupted. 

In the matter of fuses on switchboards in place of circuit- 
bijakers, I agree with Mr.' Cutler most heartilv; and the use of 
a luse that can be thrown into the circuit as quickly as a circuit- 
reakei is an entirely reasonable device. I have a fuse of this 
ype under consideration, consisting of a magazine fuse device 
that can be mounted upon a switchboard with a handle to pro¬ 
ject the same as a rheostat handle projects. All that is neces¬ 
sary is to turn the handle. The turning of the handle can even 
breaker automatically when the fuse is used as a circuit- 

In regard to shunting switch breaks on medium or high-poten- 
ail circuits, I think the view taken by Mr. Pierce is entirely the 
correct one. You don’t have to shunt a break on a ^20-volt 
switch, and perhaps you don’t have to shunt a break on a 500- 
volt switch ; but when it comes to breaking currents on 2500 
volts or above, why, it becomes necessary to provide some me- 
aium to eliminate arcing, because even the slightest tendency to 
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praate a conducting medium between your breaking points 
Starts an arc wMcb under these potentials is severely destructive. 

In the fuse-shunted breaks the starting of an are 

eliminated. I, by no means, recommend such a device wr use 

where the switches are opened and closed many times an liour 

S would be rather an expensive switch to use; one to which 

you would pay 12 cents, 15^or 20 cents or more than *at eve^r 
^me you opened it. For the satisfactory opmtion of this ar¬ 
rangement it necessarily follows that every time you open the 
switeh there is load enough on,it to blow the fuse, which has a 
much smaller capacity than the switeh, and the placing of a i 

.witcli murt be ^d. J also lake ex. 

.0.1, Mr You oau’t build a IhiuK absolutely 

“fool-proof,” and when you are putting in thousands and thon- 
sands of dollars worth of machinery, certainly wu 
put a dollar-and-a-half-a-day man in charge ^ 

find that vour three-dollar-a-day man hasn t got brains eDOUe,h 
to operl'the Uch properl/you get rid of the man and not 

Xnfready to-day to say that an enclosed switch fuse of this 

character can be produbed to rupture almost any 

!nnSi It is surely a question of a proper combination of 

condition, it is sureiy i Pp,.tainlv when you get enormous 

iM^eliough to demonstrate tliat. In fact, have opened a shoit- 
nirfnit nn onc of tho largest street railway systems in the wo , 
the fuse having a normal current-carrying capacity continuous y 
/\*P HOO iv w wliicli is by no luoftns stns*!!. 

^Sk tL^’ owing to the fact that this paper was probab y 

siTmreciate that written communications are in order, i thi 
t^at any further discussion might be conducted m writing. 

[Adjourned.] 
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The 142d meeting was held at 12 West 31st Street, this date, 
and was called to order at 8:35 P. M. by Manager Steinmetz. 

Tub Chairman The meeting is called to order. I give the 
floor to the Secretary to make some announcements. 

Secretary Pope:— At the meeting of the Executive Com¬ 
mittee this afternoon the following associate members were 
elected : 


Barr, John B. 

Browne, Wm. Hand, Jr. 
Cole, Wm. Howard 
Guerrero, Julio 
Gutierrez, Manuel E. 
Hanscom, Wm. W. 

Leamy, J. M. 
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12 Durango, Mex. 
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School, Jalapa, Mexico. 


R. B. Owens. 
Wm. Esty. 

Wm. S. Aldrich. 

C. F. Beames. 

A. E. Worswick. 
P. H. Evans. 

O. F. Beames. 

P. H. Evans. 

M. T. Thompson. 
M. T. Thompson. 
P. H. Evans. 

0. F. Beames. 


hief Electrical Engineer, 
Union Iron Works, 613 
O’Farrell Street, San Fran- 
cisco. Gala. 

llectrician, Dominion Gov- 
ernment, 250 Lyon St;, Ot¬ 
tawa, Canada. 

Salesman and Manager D^roit 
Office General Electric Com¬ 
pany, 704 Chamber of Com¬ 
merce, Detroit, Mich. 

Jesiffner of Electrical Machin¬ 
ery, Jenney Elec. M’fg, Co., 


F. F. Barbour. 

H. A. Bussell. 

J. A. Lighthipe. 

T. Ahearn. 

A. A. Dion. 

Ralph W. Pope. 
W. L. R. Emmet. 
Alex Dow. 

A. F. Walker. 

Harold B. Smith. 
'W.E.Goldsbor’gh. 
C. P. Matthews. 
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McClure, William J. 

Moore, John Peabody 
O oLGAARDT, J. J. 

Osborne, Marshall 

Slighter, Walter I. 
SoMELLERA, GaBRIEL F. 
Steele, Walter D. 

Varley, Richard Jr., 

DB Waal Wm. H. 


Associated with H B. Brown, W. H. Ripley. 
Electrical Engineers and P B. Crocker. 
Contractors, residence, 259 M. I. Pupin. 
West 52nd Street, New York 
City. 


Tester, General Electric Co., A. P. McKissick. 
P. 0. Box 389, Schenectady, R. W. Pope. 

N. Y. W. E. Boileau. 


Electrical Engineer, (Poreign 
Dept.) General Electric Co., 
residence. Edison Hotel, 
Schenectady, N. Y. 

Engineer in charge of Con¬ 
tracts,The British Thomson* 
Houston Co., 83 Cannon St., 
London, Eng. 

Electrical Engineer, General 
Electric Co., residence, 234 
Union St., Schenectady, N.Y. 

Partner, Salcedo & Co., Apar* 
tado 115, Mexico City, Mex¬ 
ico. 


Ernst Berg. 

C. P. Steinmetz. 
A. L. Rohrer. 


H. P. Parshall. 
H. M. Hobart. 
Ralph W. Pope. 


C. P. Steinmetz. 
Ernst Berg. 

A. H. Armstrong. 

O. P. Beames. 

J. H. Shearer. 

P. H. Evans. 


Electrical Engineer Public Alex Dow. 
Light Commission, The City E. P. Warner, 
of Detroit, 40 Atwater St , Jesse M. Smith. 
E. Detroit, Mich. 


President, the Varley Duplex Townsend Wolcott 
Magnet Co., 138 7th Street, E. A. Colby. 
Jersey City, residence, En- H. Laws Webb, 
glewood, N. J. 


Engineer, Accumulator M’fg C. P. Beames. 
Co., Cadena. No. 3, Mexico P. H. Evans. 
City, Mexico. M. T. Thompson. 


The following associate members were transferred to fall mem¬ 
bership : 


Approved by Board of Examiners, March 9th, 1900. 


William S. Aldrich Professor of Electrical Engineering, University of 

Illinois, Urbana, Ill. 

Harold B. Smith Professor of Eleclrical Engineering, Worcester 

Polytechnic Institute. Worcester. Mass. 

The Oiiairmah :—It is very eiicoiiraging to see the growth of 
the Institute and note the spreading of its membership, not only 
through the United States, but even in the foreign countries of 
both hemispheres. 

The next topic in order is the reading of a paper on Hyster¬ 
esis in Sheet Iron and Steel,” by Arthur Ilillyer Ford, to wliom 
I give the floor. 



A paper presented at the 142nd Meeting of 
the Atnerican Institute of Electrical En~ 
gineersy New York^ April Bgih. igoo. Manager 
Steinmetz in the Chair. 


HYSTERESIS IN SHEET IRON AND STEEL. 


EY ARTHUR HILLYER EORD. 


Since the general introduction of stations for the supply of 
light and power, by the use of alternating currents, the subject 
of hysteresis loss in iron has been an important study from the 
standpoint of the efficiency of such installations. In the direct 
current system the only place where hysteresis loss occurs is^ in 
the armatures of the dynamos and motors; while the alternating 
current systenci has in addition the loss in transformer cores, 
which is apt to be larger than all other electrical losses combined, 
in the case of a station operating 24 hours per day. Therefore a 
slight increase in this loss may make a decided difference in the 
efficiency. Take as an example a two k.w. transformer having a 
copper loss of 56 watts and an iron loss of 42 watts which gives 
a maximum efficiency of 95.2^ and an alkda^^ efficiency of 86. < 5 ^ 
on a basis of full load for four hours and the remainder of the 
time no load. If the iron loss is increased 20^ the efficiencies 
become 95.0^ and 84.8^ 

During the latter part of 1894, attention was called to the fact 
that there is an increase in the core loss (hysteresis and eddy 
current) of a transformer, or that the iron aged with use, in a 
letter by Gr Partridge^ to the London ElectTiGi^xn. This 
called forth a communication from J. A. Fleming,^ citing similar 
observations which had been made in 1892. This aging was first 


1. “ Increase of Open Circuit Loss in Transformers with Time.” Electrician 
(London) Vol. 34, p. 161. 

2. “ Time Increase of the Open Circuit Loss in Transformers. ’ Ibid, Vol. 
. 34 , p. 190. 
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thought to be due to magnetic fatigue, but is has been shown by 
O. T. Blathy,^ W. M. Mordey,^ J. A. Ewing/ and others to be 
purely a heat effect. 

The method used by Ewing was to subject the iron to rapid 
reversals of magnetism, at the same time keeping it cool, when 
no increase of the hysteresis loss was noticed. That used by 
Mordey was to make two cores from the same sample of iron and 
heat one to a given temperature by magnetic reversals and the 
other to the same temperature from some external source. On 
measuring the hysteresis loss it was found to increase at the same 
rate in both cores, thus showing that this increase is a pure heat 
effect. This method has been used by others, who took iron 
cores and found no aging when they were subjected to an alter¬ 
nating magnetic field and kept cool, but on allowing them to 
get hot, there was an immediate increase in the hysteresis loss. 

Up to the present time there have been no tests published 
which throw any light on the cause of the increase of this loss. 

This research was undertaken for the purpose of discovering 
if possible what the cause of this effect is, in order to find how 
it may be reduced. That it may be reduced seems probable to 
everyone who has studied the subject, for there are some irons 
which show this effect very slightly. Experiments have been 
carried out in a similar direction by F. Guilberff which tend to 
show that chemical composition has no appreciable effect on the 
hysteresis loss in soft sheet iron. 

This research is divided into two parts. I.—That on com¬ 
mercial transformers, which was undertaken with the object of 
showing the magnitude of the aging under conditions met in 
practice. II.—That on small specimens of iron obtained from 
various makers and users. 

Thanks are extended to the various companies who furnished 
the iron and transformers for this series of tests and to those who 
made the chemical analyses. 


3. Electrician (London), Yol. 34, p. 191. 

4. “ On Slow Changes in the Permeability of Iron.” Ibid, Vol. 34, p. 219. 

5. “Is the Magnetic Quality of Iron Affected by often Repeated Reversals?” 
Ibid Vol. 34, p. 297. 

6. “On the Law of Hysteresis.” HEclairage Electrique, Yol. 6, pp. "357, 
390. 



1900.] 


FOBB ON H7STEBEBI8. 


209 


I,—Measurement of the Core Losses of Eight Trans¬ 
formers TO Show the Magnitude of the Aging Effect. 

These transformers were all obtained between June 1894 and 
October 1896 and had been used none, or for a few hours only^ 
for testing purposes in the laboratory. They were connected with 
the high pressure coil of one, feeding the high pressure coil of 
the next, whose low pressure coil fed the low pressure coil of 



the third, and so on, with a lamp load on the low pressure coil of 
the last transformers. By requiring the large transformers to 
supply lamps, in addition to the power for the smaller ones, the 
load on each was made about two-thirds of its rated capacity and 
was kept on continuously with the exception of a few hours each 

week while the station was shut down. 

The transformer capacities and the increase in the core losses 

are shown in Table I, and Figs. 1 and 2. 
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TABLE 1. 


No. 

Capacity. 

Increase in 

1. 

.1.5 K.W. 

9,'’ € 

3. 

. 1.5 “ . 


3. 

.1.5 “. 

. %% 

4. 

.1.5 “ . 

. H 

5. 

.1.25 “ . 

.113^ 

6. 



7 


. 2Qfo 

8. 

.1. “ . 

.. Wa 



The first value of the core loss is high because it was made 
while the transformers were at the temperature of the room, 
while the other readings were taken while they were hot. In 
calculating the increase in the loss, the results of a previous core¬ 
loss measurement were used in order to get the total aging ; for 
a slight increase was noticed on account of the use noted pre¬ 
viously. It is to be noted that while the increase is in the hyste¬ 
resis loss, the results are given for the total loss which will make 
the percentage increase of the hysteresis loss somewhat greater. 
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II.— Test of the Hystebesis Loss op Sma.ll Samples. 

Heat Treatment .—Tlie samples were subjected to four different 
beat treatments which will be designated a, b, c, and d through¬ 
out this paper. Samples a, b, and c were heated in a gas muffle 
to a temperature of 835^^ 0. taking 1.5 hours, and then allowed 
to cool slowly as the muffle cooled, taking 3.75 hours to cool to 
a temperature of 365® C. when the gas was shut off. Samples n 



were taken out of tke muffle during the heating, when a tem¬ 
perature of 804° 0. was reached, and quenched in water at a tem¬ 
perature of about 0. Samples b and o were heated with the 
muffle the next day after being annealed. When a temperature 
of 205° 0 was reached after heating one-half hour, samples b 
were taken out and quenched. After one hour, when a tempera¬ 
ture of 4008 C. was reached, samples o were quenched. 
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The temperature of the gas muffle used for annealing was 
measured by means of a resistance pyrometer using a platinum 
wire having a resistance of 14.78 ohms at 0° 0. and 18.64 ohms 
at 100^ C. The temperature is deduced from the resistance of 
the pyrometer by means of the following formula.^ 



DAYS 
Fig. 10. 


where if is the temperature and Z ?05 resistances 

at the temperatures 0°, 100“^ and 0 respectively. Values were 
assigned to I, the equation solved for the results plotted 

in a curve showing the relation of ^ to from which the tern- 

7. "‘On the Practical Measurement of Temperature.” H. B. Collaiider. 
RMl. Trans. Royal Soc. of London. Vol. 178, p. 161. 
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perature of the muffle was obtained from the known resistance 
of the pyrometer. 

The relation of the temperature to the time during the first 
heating and cooling is shown in Fig. 8. 

After tying up the specimens in shape for measuring their 
hysteresis loss, they were placed in a box which had an average 
temperature of 60° 0, wntli a variation of about 5° C each way, 
and kept there for a period of 29.5 days; their hysteresis loss 
being measured from time to time. 

Measurement of Hysteresis Loss .—The hysteresfe loss was 
measured in all cases by means of a- Ewing hysteresis meter.® 



DAYS 
Fig. 11. 

This instrument gives comparative values only and therefore re¬ 
quires calibration, for each set of measurements, by the insertion 
of two standard samples. These samples are sent with the in¬ 
strument and their hysteresis loss as given is assumed to be cor¬ 
rect. Kesults obtained with this instrument are likely to be in 
error as much as 8^, consequently two specimens of each sample 

8. A Magnetic Tester for Measuring Hysteresis in Sheet Iron.” Electrical 
Engineer, (London). Vol. 29, p. 437. 
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were taken and the mean value of their hysteresis loss was used 
in plotting the curves and computing aU results. ^ ^ 

The hysteresis loss was measured six times during the 29.o 
days that the specimens were kept hot. Owing to difficulties due 
to imperfect heating apparatus and the necessity of allowing the 
specimens to cool while their hysteresis loss was being measured, 



the heating was not continuous; but was interrupted for several 
hours at various times. 

A preliminary test of 15 days, which is designated by the let¬ 
ter E, was made on the samples as received. The temperaturp 
for this test was 80° 0, which was reduced to 60° C for the final 
test because after correspondence with transformer manufactu- 
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rers the former temperature was thought to be too much above 
that normally found in good transformers. 

The results of the tests are shown in Table II, and Figs. 4 to 
18 inclusive, and are given in terms of Steinmetz’s hysteresis 
constant obtained from the ecpiation H = vj //is the hyste¬ 
resis loss in ergs per cu. cm. per cycle; ^/] the hysteresis constant; 



Fig. 13. 

and B the magnetic density in gausses. For convenience in 
writing, the constant is multiplied by 10^ in the results. 

Ghemioal Coinposition. —The samples were analyzed to find 
the amount of silicon, phosphorous, manganese, sulphur and 
combined carbon which they contained. Table IV shows the 
results of this analysis. 
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TABLE III. 

Final Hysteebsis Constant x 10^ 
Heat Treatment. 
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TABLE III. 

Increase in Hysteresis Constant fo After 29.5 Bays at 60 C 
Heat Treatment. 



TABLE IV. 

Impurities in Iron Sample 
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Discussion of Eesdlts. 

In order to make tke relation, if one exists, between the hys¬ 
teresis phenomena and the impurities in the iron clearer, three 
sets of results were plotted. These show the relation between 
(].) the various impurities, taken one at a time, and the initial 
hysteresis constant; (2.) the various impurities, taken one at a 
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, Fig. 16. 

time, and the increase in the hysteresis constant; and (3.) the 
various impurities taken two at a time and the final hysteresis 
constant. Samples of these results as plotted are shown in Figs. 
19 to 21 inclusive. The relation between the final hysteresis 
constant and the sum of the impurities was also plotted. Fig. 22. 
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From an inspection of these results it is evident that neither a 
single impurity nor pair of impurities has any preponderating 
effect on either the absolute value or the increase in value of the 
hysteresis constant. Specimens No. T and No. 8 have practically 
the same chemical composition hut differ widely as to hysteresis 
constant and aging. 

A. comparison of tlic constants after th.e different neat treat- 
ments shows that the structural difference which probably causes 



Pig. 19. 

the difference in the hysteresis phenomena is not materially af¬ 
fected by annealing or quenching if the temperature is below 
850° 0. It is noticed that specimens, Nos. 1, 4, 8, 18, 21 and 22 
have their final hysteresis constant reduced by quenching from a 
red heat; but no cause for this is to be found in their chemical 
composition. Most of the samples show less effect of aging for 
the specimens which have been quenched from a red heat, which 
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is probably due to the iron being in^a more rigid state after such 
treatment and consequently allowing less change to take place at 
the comparatively low temperature of 60‘^ C. 

The best sample tested is JSTo. 3 which is of open hearth steel 
and is nearly equaled by Nos. 6 and 7 of which the process of 
working is unknown. 



Fig. 20. 

By an inspection of the curves showing the relation between 
the hysteresis constant and time, it is seen that several of the 
samples show an increase and then a decrease in the hysteresis 
constant; as is shown more plainly when the iron is kept at a 
higher temperature.® 

OoNOLUSIOJSr. 

The conclusion to be drawn from this research is that the hys- 
teresis constant for iron as pure as the samples tested is not so 
much dependent upon the chemical composition as upon the 
physical structure of the material due to the method of working. 

9. “Effects of Prolonged Heating on the Magnetic Properties of Iron.” S. R. 
Roget, Electrician, (rjondonl, Vol. 41, p. 182. 










1900.] 


FORD ON HYSTERESIS. 




Discussion. 

Mk. Ford : —I might say a few words about the origin of 
these samples. At tirst I started out to make separate tests of 
samples cut with their length parallel to the length of the sheet, 
and samples cut crosswise of the sheet and found that there 
was some difference in the hysteresis, but owing to the tedi¬ 
ousness of making the tests, part of these were thrown out, so 
that all the samples represented in this paper are sainples of dif¬ 
ferent kinds of iron. There may be in some cases iron of two 
or more thicknesses obtained from one manufacturer. The 
majority of the specimens were obtained from transformer man¬ 
ufacturers, though some were obtained directly from the iron 
makers. Some attempt was made to get the method of working 
the iron, but as you will see from the table this was not entirely 
successful. 

The Chateman: —We have listened to a very interesting 
paper, and discussion is now in order. Before beginning the 
discussion, however, I would like to ask the author a question 
for information and explanation.- If I understand right. Table 
III gives the hysteresis constant of iron which lias been annealed 
and then quenched in water. Starting from different tempera¬ 
tures, in the first part of Table III it gives the hysteresis constant 
after this heat treatment; the second part gives hysteresis con¬ 
stant after additional treatment, and the third part gives increase 
of hysteresis constant. I do not find, however, the original 
hysteresis constant before the heat treatment has already been 
taken. 

Me. Foed:— In Table III., column e, you will find the results 
of a preliminary test made on the samples as received. The 
only treatment which these samples had received was a slight 
heating due to the action of the shears in cutting the samples 
and that due to filing the eiids. The samples were placed in a 
hardened steel clamp and filed to an exact length, which, of 
course, heated them considerably. 

I)e. Samuel Sheudon In Part II. of this paper we have a 
description of how over a hundred samples of sheet iron or steel 
have been subjected to various heat treatments, and how the 
hysteresis losses and the hysteretic constants have been measured 
for each of these samples after the various treatments. As_ a re¬ 
sult, there has been found either quite a noticeable increase in the 
value of the hysteretic constant due to the treatment, or very 
little change at all; in the latter case either a little decrease in 
the hysteretic constant or a slight increase. The different heat 
treatments seem to show no like effect on the different samples. 
It is pertinent to ask what the heat has done to increase the 
hysteretic constant in those cases-where it has noticeably increased 
it. Transformer sheet irons, like all rolled metals, are allotropic 
as regards density. In the direction of the length of the sheet 
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there is less density than there is in a direction at right angles 
to that of rolling. Sheet iron, in order to have a small hyster- 
etic constant, should be least dense in the direction of mag¬ 
netization and most dense along the magnetic equipotential sur¬ 
faces. JNow in this case, as was mentioned by the author, after 
the conclusion of the paper, there was no regular rule followed 
as to the cutting out of the samples from the sheet. The sam¬ 
ples, which were cut out to fit, as I understand it, Ewing’s 
hysteresis measurer, are quite a good deal longer than they are 
wide, being three inches long and about half an inch wide!^ In 
those cases where the length of the sample was along the direc¬ 
tion of the drawing out of the plates, or in the direction of the 
least density, heating would cause a rise in the hysteretic con¬ 
stant. This is because a lessening of the density in a direction 
at right angles to the magnetic flux has the same effect as an 
increase of density in the direction of the magnetic flux. Com¬ 
pacted bodies which have been passed through rolls, when after¬ 
ward subjected to heat, increase in size in a direction at right 
angles to the direction of rolling and the increase is a permanent 
increase. This was called to iny attention first, I think, in con¬ 
nection with some brass binding-posts, w^hose perfectly fitted 
screws were heated by a current passing through them. As a 
result they grew so large in diameter that they would but tightly 
fit their holes.^ They were turned down so as to fit loosely and 
they were again heated. Again they grew large enough to fill 
the holes. Under the application of heat, they grow and jier- 
manently keep^a larger diameter. The mere heating of a sam¬ 
ple of iron, which has just come from the rolls, would increase 
the hysteretic constant, if the magnetization were in the direction 
along which the strip had been pulled out from the rolls; it 
would increase it permanently^ If, however, the magnetization 
were at right angles to the grain of the metal, the increase of 
size in the direction of the magnetization, due to heating, would 
decrease the hysteretic constant, and the accompanying increase 
of size in the direction which is at right angles with the previous 
direction and which is in the direction of the thickness of the 
plate would increase it to about the same extent. Now it seems 
to me that those samples, which upon test have shown no very 
marked increase or decrease, were cut out so that afterwards the 
magnetization was in a direction perpendicular to the grain ;• 
whereas those which have shown a marked increase in the hys- 
teretic constant were cut so that the magnetization was in the 
direction of the grain. 

Me. Foed:— I would say in this connection that about the 
first fifteen samples, 1 believe, were those of which I had speci¬ 
mens cut both ways of the sheet, and, as I remember it, those 
which were tested finally were those in which the magnetization 
was parallel^ to the grain of the iron ; but in the preliminary test, 
referred to in column e, no difference in the aging was noticed 



1900.] 


BISGUSSIOIJ IN NEW YORK. 


m 


between those which were cut at right angles to the grain and 
those which were cut lengthwise of the grain. 

A matter of interest in this connection is the effect of intense 
cold on the hysteresis constant. We usually consider that this is 
rather stable at or below atmospheric temperature; but such is 
not the case, as was shown by a simple experiment. Four speci¬ 
mens of sample JNo. 14 (steel) were taken, and by mixing the 
sheets of which they were composed their hysteresis constants 
were made equal. 

Specimens cut side by side from the same sheet will have dif¬ 
ferent constants, so that this shuffling was necessary in order to 
have the four samples the same. These samples having an initial 
hysteresis constant of .00124, were put in a beaker of liquid air 
having a temperature of, approximately, —“210^^ 0., and allowed 
to stay there until thoroughly cool. 

They were then taken out and put in the hysteresis tester and 
the constant determined while they were cold, and found to be 
.00159. After this they were warmed to tlie temperature of the 
room, about 20^ C., and the constant found to be .001 .-^>9, show¬ 
ing a permanent increase in the hysteresis constant of 12^ and a 
temporary increase of 28^. 

Mu. Steinmetz [The Secretary, in the Chair] This paper is 
very interesting in what it gives and what it does not give. It 
does not really give a solution of the problem, namely, why does 
iron age, and how can aging he avoided, nor does it give the 
reason why one sample of iron has a high hysteresis loss and the 
other a low hysteresis loss. It only shows again that the chem¬ 
ical- constitution has nothing to do with the hysteresis, but that 
hysteresis loss depends largely on the physical constitution of the 
iron, and on the chemical constitution probably only indirectly 
in so far as the physical constitution depends on the chemical to 
a certain extent.- That is, very pure iron probably is indepen¬ 
dent of the chemical constitution, but as or 2^ of carbon gets 
in, you will find entirely different values of hysteresis constant 
because you find entirely different physical constitution. You 
find this in brittle cast iron for instance. There is one feature 
which strikes me in all these tables: that is these very low values 
of the hysteresis constant, some going down below 1. Now these 
are values very much lower than I have found, and I am very sus¬ 
picious that the absolute values are not correct. I should rather 
suspect, and believe we have reason to suspect, from my knowl¬ 
edge of the instrument with 'which these tests were made that 
there is a constant error in all the readings, which makes them 
less than they should be. This does not impair the value of the 
paper, but merely means that we cannot rely on these measure¬ 
ments. Referring to Table III. the lowest of which I have ab¬ 
solute record is 1.24, and that was a very exceptionable case, 
and here are c^uite a number which go far below that. But there 
is one very interesting feature regarding this aging in the table 
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giving the percentage of aging. That is, we do not find that 
the different kinds of iron age differently, but we do find that 
some iron does and other iron does not age, because you see there 
are hardly any intermediary values. All these values are very 
low values, all values of a few per cent., and a few per cent, we 
can hardly count upon as proving anything, because you must 
expect in different conditions on different days iron will vary a 
few per cent, or its physical structure change slightly. If you 
exclude small changes in the hysteresis values, changes of 5 or 6 
per cent., we find that here about three-quarters probably of the 
samples of iron do not change noticeably, while the rest change 
by very large values. But that means that really there are two 
kinds of iron: that kind of iron that changes, ages considerably, 
and that kind of iron which does not change. These tables are 
very interesting, although for a different reason : namely, here 
samples of the same iron have been exposed to different treat¬ 
ment. First, hysteresis loss has been taken as they were received, 
then after annealing at SOO'^ C., then after annealing and quench¬ 
ing at 200^\ 400^ and 800^. Now you compare the dift'erent 
values A, B, c, n, and e and you will find one interesting feature, 
that in most eases a minimum value of hysteresis constant occurs 
at B or 0 . Take for instance thelirst part of Table III., the first 
line. No. 1, the minimum is at c, you see, in No. 2 the minimum 
is again at c. No. 3 is an abnormally low value and does 
not agree with that. In No. 4 you find the minimum, at 
0 . In No. 5 you find the minimum at b. That points to 
one feature, that there is a certain temperature of quenching 
at which the hysteresis constant reaches the minimum and 
that this temperature is as a rule between 200*^ and 0. 

That accords fairly with my experience that a certain tempera¬ 
ture gives the minimum value of hysteresis loss, and if you go 
beyond that temperature you get higher values*, and if you go 
below that temperature you get lower values again of hysteresis 
constant. The temperature in most of these tables here seems 
to have been 200° to 400° C. That is all that I can say about 
it. Perhaps I might suggest an explanation of this aging: that 
each sample of iron has a certain value of hysteresis constant 
at one temperature, a different value at another temperature. 
The hysteresis constant is a function of the temperature, and the 
physical constitution of the iron also a function of the temper¬ 
ature, and by maintaining the iron at this temperature for 
an infinitely long time it reaches this permanent value. Now by 
exposing the iron to a different temperature, either higher or 
lower, or^ by mechanically treating it, or in any way changing 
the physical constitution so that it does not correspond to what 
it would assume at a temperature of 60° C., then when we 
maintain^ it at 60° C. it gradually will change the physical 
constitution, the limiting value corresponding to the stable 
state of 60° C., and we will therefore probably .find this 
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aging which may, as some' of these tests show, be negative. 
That is, the hysteresis constant may decrease, although as a 
rule it increases. It increases because the iron has been brought 
to this temperature from a higher temperature from anneal¬ 
ing, and we know that as a rule the hysteresis constant as a 
function of the temperature decreases with increasing temper¬ 
ature of the iron. Raising the iron first to high temperature 
and producing the physical constitution corresponding to the 
high temperature, and then maintaining it at low temper¬ 
ature it will gradually increase in hysteresis loss until it assumes 
a value corresponding to this lower temperature. I do not know 
whether this explanation is correct, but some features seem to 
point to that. This gradual increase of hysteresis, for instance, 
with some kinds of iron and almost constancy in other kinds of 
iron: that is, increase, not uniform, but increase first fast and 
then slower and slower, seeming to tend to a constant value. 

Me. T. a. Taylor: —I was interested in one point Mr. Steiiv 
metz made, that some irons have an increase in their hysteresis 
loss and others do not. Several of the manufacturing companies 
have from time to time made claims that they supplied non-aging 
iron, but in trying to get stringent guarantees about a year agOy 
it was found that the best that could be done was to obtain a 
loss of less than about 10^ aging per year for two years, which 
would seem as though, from a commercial standpoint at least, 
the non-aging variety is still rather difficult to obtain. How¬ 
ever, as compared with some of the iron tested by Mr. Ford, 10^ 
per year might be termed extremely non-aging. 

It seems as though the moi-e important result of aging has 
been overlooked—that while the increased all-day losses and the 
cost of supplying the same have received entire attention, they 
are really of little more than academic interest; but the fact that 
the temperature elevation increases in direct proportion to any 
increase in the total transformer loss, and therefore must increase 
on account of aging, not theoretically, but practically sufficient 
to make it impossible for a transformer to carry its rated load 
after it has been used a few years, is a much more important 
item. 

It is only on this account that it is absolutely necessary com¬ 
mercially to keep the proportion of the iron loss to the total loss 
down to about 50^ or thereabouts. If the iron loss could be 
raised without fear of dangerous increase due to aging,_ and the 
copper loss correspondingly lowered, the better non-inductive 
regulation would make it possible to use incandescent lamps of 
at least 15^ better economy than are at present possible on alter¬ 
nating current lines. Certainly if transformers can be obtained 
which will not age practically, it will be a great advance in 
the interest of the alternating-current central station. 

The Chairman: —If there are no further remarks Mr. Ford 
will have an opportunity to close the discussion. 
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Me. Foed ; —Tu regard to what has been said about the hys¬ 
teresis meter, I quite agree with Mr. Steinmetz in doubting the 
absolute value of these readings. Any one who has worked 
with a hysteresis meter knows that it is a very convenient appa¬ 
ratus to get comparative results with, but when it comes to abso- 
lut© valnes it is quit© difticult to calibrate. The samples which 
came with this hysteresis meter were from Prof. Ewing’s labor¬ 
atory and accompanied by a certificate signed bj him", so that 
they are presumably correct. I might also state that the tests 
referred^ to under e in Table III. were obtained with another 
hysteresis meter. The ultimate calibration and comparison of 
these meters went back, however, to a certain pair of samples, 
but they were compared with other samples which were sent 
with another hysteresis meter, and the two sets of samples agreed 
quite closely. 

The Cha.ieman:— Before relinquishing the Chair, I wish to 
say that we have the privilege this evening of having with ns 
one of our members from a very distant point, Mr. Peirce, of 
Johannesburg, where he is the leading electrical engineer of the 
Consolidated Gold Fields of South Africa, a part of the world 
that is now of unusual interest to all of us. ]\Ir. Peirce found it 
necessary in October last to detach himself from the interests at 
Johannesburg and ne is now in this country engaged in finding 
a solution to some very interesting electrical problems connected 
with the mines. Perhaps this evening some of the gentlemen 
pi ©sent may be able to assist him in regard to any inquiries he 
may make. 

Me. A. W. K. Peiecb:— Mr. Chairman and Gentlemen, I 
don t know that anything that I can say would he of particular 
interest. Perhaps, though, you might like to hear what has 
been done in electrical work in that country which Mr. Pope 
has referred to so feelingly. I have been out there about four years. 
At that time they were just beginning really to wake up to the 
possibilides of electrical power transmissions and other applica¬ 
tions Previous to that date their work had largely been lighting, 
and the only^plants installed were small plants of all kinds, sizes 
and description and usually rather poor. I know I saw some 
machines there that carried me hack to the very early days as I 
remember them. They consisted of a field frame and a 'pair of 
bearings and the armatnre, all supported on a timber bed-plate, 
ihe only connection between the hearings and the frame was a 
wooden bed-plate, and there were other freaks of tliat descrip- 

•4'® to awake to the 

possibilities of electric power transmission, and now they use 
electric power quite extensively. There is one large company 
there that established a plant for the purpose of supplying power 
generally along the line. In the first place let me say that the 
central mining region there, the Witte Water Eand, occupies a 
stretch of country about 25 miles long and a few thousand feet 
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wide, a long strip of connand atone end are some coal mines 
which produce a fair quality of bituminous coal, which makes it, 
of course, very convenient, and a project was started for estab¬ 
lishing a power plant at one of these coal mines, using the waste 
coal as it came out and distributing the power at high tension 
along the reef, and that was done. They have a plant of about 
2500 K. w. installed capacity and stepping up to 10,000 volts, 
transmitting over a pole line about 25 miles long. All along the 
reef, branch lines are taken off at intervals wherever required, 
and then stepping down to suitable voltage they use it for other 
purposes, usually for motors. The suburban district of Johan¬ 
nesburg is lighted largely from this plant: The local plant was 
of insufficient size and they could not raise money to buy 
any more. This plant is operating well, although they had a 
great deal of trouble with their insulators from the severe light¬ 
ning storms that take place during the summer months in that 
country v^hich proved a little too much for them. I may say 
that they were not high-tension insulators, such as are used in 
this country, but simply a large edition of the ordinary porcelain 
pole-line insulator, and with those they had a great deal of 
trouble and with some very curious results. They would appar¬ 
ently explode at times and fragments of an insulator would be 
found up to 40 and 60 feet away from the poles. They are iron 
poles, and a little moisture had probably crept through a crack in 
the porcelain and the explosion was due to steam generated. 
Wooden poles cannot be used on account of the ants. They have a 
life of only about twm years; so iron poles are used altogether, and 
on this particular transmission, which is the one where high- 
tension transmission is used, they are up to date. They also use 
iron arms and with iron pins in the insulators, so tliat the insulation 
of the line depends entirely upon the porcelain of the insulator. 
This line is spiral throughout its whole length, but at the same 
time it interferes with the telephone system. • They have quite 
an installation of motors at various points, one of 250 n. p. The 
others are all smaller, and, as I say, they light the town of Johan¬ 
nesburg. The maximum load on that, up to the time 1 left, was 
about 1800 K. w. during lighting hours of the evening, and the 
day load about 1000 to 1200, depending somewhat upon the 
weather. The only other plant, other than that used for indi¬ 
vidual mines, is a transmission plant belonging to the Consoli¬ 
dated Gold Fields, they owning a group of mines in the Central 
Eand cjovering a stretch of territory of about five miles along 
that reef. In the center of this territory they established an 
electric plant for the purpose of supplying power to the various 
companies in that district which they control. The 10,000-volt 
plant is—I don’t know that I mentioned it—long-distance trans¬ 
mission with S-phase ; this plant also is a 3-phase plant of about 
1500-K. w. installed capacity, generating direct at 3300 and trans¬ 
mitting over this five miles of ground. This current is used 
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largelj for pumping in the mines, and the high-tension current 
is carried directly down the shaft in some cases 1500 feet. That 
is the greatest depth at which we have any pumps installed. 
They use 3-wire rubber insulated and lead-covered and iron- 
armored cables, and they have given excellent results. The 
high-tension current is carried underground and transformed 
there, and low-tension induction motors are run from the trans¬ 
former. They have been very unfortunate with one of their 
mines there in having a great deal of water to contend with, far 
more than was anticipated, but the electric pumping system has 
demonstrated its flexibility, as they were able to take care of the 
unexpectedly large increase in the amount of water necessary to 
handle with much more ease and less expense than has been the 
case with other systems of pumping; so much so that they have 
decided to go in entirely for electric pumping in the newer mines 
that they are laying out. The favorite pumping installations 
along the Eand consist of 3-throw pumps usually geared to suit¬ 
able motors. There are several direct-current installations, but 
they are not so satisfactory as the induction motor, on account 
of the dampness, but principally on account of the lack of intel¬ 
ligent operators. Being underground, in a dirty, wet place, 
they do not get very much supervision, and the men who attend 
them are not of a grade of intelligence to exercise proper care 
and judgment in looking after them. On account of the great 
amount of lampblack always in the air from the kerosene lamps 
used for light for the mining operations, there is an excellent 
chance of breakdown of insulation, which very frequently has 
taken place. With the direct-current machines, also with several 
installations of induction motors, where they have attempted to 
use a comparatively high-tension current, such as one installation 
there which ran at 936 volts or something like that. All of the 
other mines have only small plants, usually, as I said before, for 
lighting or for small local transmission, although there are sev¬ 
eral plants now on order or under way for larger uses. But the 
principal problem which will arise in connection with the South 
African mines is that of deep level, on a large scale, probably 
larger than has been attempted anyw^here in this country. The 
conditions are that the reef carrying the gold dips into the earth 
at an angle of approximately 35 degrees, and it has proved its 
permanence so far, both in size and value, to an extent which has 
warranted them in laying out properties which will demand ver¬ 
tical shafts to intersect this reef at a depth of 7 to 10,000 feet, 
probably 8000 feet would be the limit within the next six or 
seven years. Now the problem of hoisting from depths of that 
kind with a single hoist at the surface becomes very severe on 
account of the weight of the rope. The rope must be made so 
strong, in order to support its own weight, that you soon reach 
a limit that with the amount of power required and the weight of 
rope and the size of apparatus becomes prohibitive. Therefore 
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the problem of winding in stages presents itself. That is, it 
would be necessary to install a hoist at the surface which would 
haul from a depth of, say, 3000 feet; at that 300() feet install 
another hoist which would haul from 6000 to 3000 feet, and at the 
6000, if necessary, install another hoist to hoist from seven, eight 
or 9000 feet, as the case may be, up to the 6000, and 
the hoist must be capable of handling a large amount of ore and 
at a high hoisting speed, that is to say, six tons and over in each 
skip, with a hoisting speed of 3000 feet a minute. That is the 
usual specification. And, as I say, it must be capable of being 
operated at a depth of 3U00 feet. That introduces problems, 1 
think, which other mining industries have not had to face as yet, 
but it is a very real problem there. JNow there are three possible 
hoisting methods: Steam, which is at once out of the question— 
well, at any rate, it is inadvisable to take steam down 3000^ feet 
into the ground—then there is compressed air and electricity. 
One of the latter two will do the work eventually. If it can be 
demonstrated that apparatus can be built for doing it successfully, 
electricity has so many other advantages that there is no ques¬ 
tion as to which will be the power adopted. But that is a coun¬ 
try which is about six months away from the manufacturers. 
That is, it takes a month for an order to go from there to the 
manufacturers and then three or four months to ship tlie stuff 
out. Therefore it is impossible to try experiments there. There 
is altogether too much at stake. Of course every responsible 
manufacturer guarantees his output and will make good any 
defects, but if in the meantime the making good of the defects 
hangs up a mine which is counted on to make a profit of $15(>,- 
000 a month or something like that for a period of six months, 
the repairs on $10,000 worth of apparatus are not of great im¬ 
portance. Therefore, as I say, there can be no experimenting 
done there, and this is the problem which we have to face, and 
of course I hope that the developments will be such that elec¬ 
tricity will be the motive power adopted. I might say that for 
this kind of work there would probably be two hoists in each 
shaft, and there are probably under estimate at presenr, that is, 
being laid out on paper, at least twenty shafts ; that means quite 
a hoisting plant altogether. Of course all those shafts are not 
controlled by one company, but the' Consolidated Gold Fields 
alone has an extent of ground-which will probably require about 
eight shafts, with two hoists of a capacity to do the work that I 
have mentioned. It is with the hope that I may be able to see 
in operation in this country something that will approach that 
kind of work and something that will show that the problem is 
quite capable of being absolutely met, not partially, that I have 
come to the United States to see what is being done, and if there 
is any one here who can give me any information on that subject 
I should be very glad indeed to receive it. 
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As regards the general features of power plants there, I may 
say that this large central station, the 10,000-volt plant that 1 
spoke of, uses the waste coal from one of the mines. Jt was not 
exactly waste. The dust is sifted out, but they use the Hue coal 
and it is fed into the furnaces by a kind of mechanical stoker 
arrangement, which is not exactly*a stoker, as it fans the coal in. 
There is a revolving fan, like a" paddle-wheel, under which the 
coal is dropped, about a teaciipful at a time, and it sprays it into 
the furnaces, so that really there is only a very thin lire, and the 
grate bars consist of perforated iron plates, about eighth-inch holes 
or something like that, and this coal is spread in on top of it and 
cleaned by hand. All of the other plants, the general power 
plants, aside from electric plants, use hand firing, usually a very 
poor quality. The coal supply is ample but the quality is rather 
poor. The ordinary coal gives an evaporation of about six 
pouTids of water per pound of coal with water-tube boilers and 
under good conditions as to draft and so on. The water-tube 
boilers are used almost exclusively, except in some of the older 
plants, which have been equipped for a number of years, where 
Lancashire boilers are used. As to the engines, 1 think there 
are no two alike so far as makers are concerned; some are low, 
some high, some vertical and some horizontal, Corliss and slide- 
valve and piston-valve and all the different kinds, I think, are 
represented there. Compressed air is very largely used, of 
course, for the rock drills, and 1 should say that about as much 
power is used for driving air compressors as anything else, that 
is, steam pow'er. There is only one instance where an air com¬ 
pressor is driven by an electric motor, and that is the 250-horse 
power motor 1 mentioned in connection with the high-tension 
plant. 1 think there is a representative of every voltage known 
to history, from 4-5 to 200 for lighting circuits, advancing by 
about from 3 to 5-volt steps. I know of one mine alone that 
had for lighting circuits one 45-volt circuit, one 60-volt circuit, 
one 15-volt circuit, one lOO-volt circuit, one 120-volt circuit— 
that was a good commercial machine—and one 200-volt circuit. 
That was in use on one mine alone. Every time they changed 
engineers they would change the plant a little. Those were 
small machines, about 10 ic. w. The new engineer would make 
an addition to the plant and it would have to be something dif¬ 
ferent from what had been there before. That same mine to day, 
however, is running from a central station and has transformer 
step-down stations and always runs with alternating current, and 
all. the old plants have been torn out. 

I don’t know that there is anything else that I could say par¬ 
ticularly in regard to electrical matters, and in my short stay in 
this country 1 think I have pretty well exhausted myself on 
political matters. That seems to be a very general subject here, 
bur if there is any information that I can give about any condi¬ 
tions there, aside from political conditions, I shall be very glad 
to do so. 
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The Chaieman [Mr. Steinmefz]:—I am sure we are all very 
much obliged to Mr. Peirce for his very interesting account of 
the electrical conditions in South Africa and the development of 
electrical industry in that far-away but highly interesting region. 
I would like to ask him one matter which I did not quite under¬ 
stand :—what was the capacity that these deep-level hoists 
required ? 

Me. Peikce ;—They have to hoist about six tons of ore in 
each skip at the rate of 2500 to 3000 feet a minute, a maximum 
of about 3000 feet a minute. It makes something like 800 to 
lOOO horse-power per hoist and the hoists have got to go down a 
hole in the ground 5 ft 6 in. x 6 ft. 

The Chaieman :—There is one point that ^might be of some 
interest to our members and that is whether Mr. Peirce can in¬ 
form us what type of machinery is mostly used there. Where 
do the South African people mostly go to buy machinery ? Do 
they get it from Continental Europe, England or America? In 
other words, in what proportion about are the different manu¬ 
facturing countries represented in supplying the South African 
market ? 

Mr. Peiece :—I do not think that there is a manufacturer of 
electrical machines that has not a machine on the Rand to rep¬ 
resent it; but the majority of the machines there, so far as 
capacity goes, come from either the United States or Germany 
or Switzerland. Most of the older direct-current apparatus is of 
English make, but the later plants are almost entirely either 
American or Continental, that is, German and Swiss. 1 should 
say that in actual kilowatt capacity, Siemens and Halske have the 
greatest capacity of machines represented there. That is, the 
German firm of Siemens and Halske. But that is partly accounted 
for by the. fact that they undertook to equip this'lO,000-volt 
transmission plant that I spoke of, and of course that is entirely 
their machinery, both in the station and for the consumers. 

The Secretary :—I would like to ask Mr. Peirce about the 
drifts that follow the reef between the shafts, to what extent 
they are worked. Of course when they get down‘to the reef 
they can work out laterally and follow the reef along. How far 
do they follow it ? Thereof runs at an angle and they run down 
from the surface to intersect it; then, when they strike that reef 
do they follow it? 

Me. Peiece : — Then they turn off and sink a shaft of about 
the same size right down the reef and mine off from this shaft 
to one side or another. The convenient-sized mining property 
is about 4000 feet long by 3000 deep; that is, 4000 feet parallel 
to the reef and about 3000 feet in the direction of the dip, and 
there will probably be two shafts sunk on that property so as to 
divide it up approximately equal, sunk near the point where they 
will strike it soonest, that is, where the reef is at the least depth, 
and they follow down the incline of those shafts and mine off 
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'io each, side nntil they have taken out the entire gold contents of 
that piece of ground. 

The Secretary :—Then do these claims really intersect ? 

Me. Peiece: —JNo. The mining laws are different from the 
United States mining laws. According to United States laws a man 
pegging out a claim on a reef can follow that reef wherever it 
goes; but according to Transvaal laws he can only mine verti¬ 
cally below the surface that he pegs out. He has a vertical 
section right down through as deep as he wants to go of a size 
equal to the surface that he pegs out; so that the people who 
first started in to mine there, where they started to mine on an 
outcrop, they thought from experience in other countries that 
probably the gold would only last to a limited depth and they 
pegged out a certain amount of ground. W hen they got down 
into the reef and found it still holding out to the same value and 
same width, a few of them had courage enough to believe that 
it kept on in this same way and they pegged out the ground 
beyond the original limit, but they did not have quite courage 
enough, and they only pegged out another thousand feet or so, 
and when they sunk some vertical shafts and found it kept right 
on the same value and the same width, generally speaking, sub¬ 
ject to local variations, they pegged out still further and further 
south ; that is the direction of the dip of the earth, south—until 
now the ground is all taken up for a distance, I suppose, of four 
miles south of the outcrop, and the mines are divided into re¬ 
gions depending upon the depth of the vertical shaft. The out¬ 
crops, of course, started directly on the surface; the first row of 
deep levels are 800 to 1000 feet deep. Most of the first row are 
producing mines now. The second row of deep levels vary from 
1800 to 3500 feet in depth; that is, vertical depth before striking 
the reef, and most of those are in a state of development. The 
shafts have been sunk to the reef and they have been developed 
along the reef and they will probably be producing within a year 
or so. And the third are the reefs where the vertical depth of 
the shaft would be from 45u0 to 6000 feet. They are just start¬ 
ing in to sink the fourth row of deep levels, where they will get 
the 7000 to 9000 feet shafts. They are all laid out, but no work 
has been done on them other than on paper, but they will be 
prosecuted as soon as the times comes. 

The Chaieman :—Can any one of the gentlemen • perhaps 
answer the question asked by Mr. Peirce regarding similar in¬ 
stallations and problems solved in the United States ? Are there 
any more questions to be asked? I might remind you that the 
war in South Africa might stop quickly and then we will 
not have a chance to have a South African here. They will be 
so busy that engineers will go from here there and will not come 
back. * If there are no further’^questions to ask, a motion to ad¬ 
journ will be in order. 

[Adjourned.] 
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—Seventeenth Annual Meeting.— 


New York, May 15th, 1900. 

The 17th Aimnal Meeting of the Institute was held this date 
■at 12 West 31st Street, and was called to order by the Secretary 
at 8 p. M. who annonriced that in the absence of President Ken- 
nelly, and no Vice-President being present, Dr. Sheldon, one of 
the Managers, would preside. 

Dr. Sheldon then took the chair. 

The Chairman [Dr. Sheldon]:—The Secretary’s announce¬ 
ments are first in order. 

The Secretary : — At the meeting of the Executive Com¬ 
mittee this afternoon the following associate members were 
elected: 


Archibald, Ernest M. 
Bowie, Augustus Jesse, 

Bryan, Richard R. 

Cook, Edward Jerome. 

Davis, Philip W. 

De Muralt, Carl L. 


Electric Laboratory Assistant, 
McGrill University, 103 Park 
Ave., Montreal, Que. 

Jr. Draughtsman, Electrical Dept. 
Union Iron Works,residence, 
1913 Olay St., San Fran- 
ciso, Cal. 

Consulting and Contracting 
Mechanical and Electrical 
Engineer, 1018 Prudential 
Building, Atlanta, Gra. 

Electrical Engineer, Cleve¬ 
land Electric Railway Co., 
96 Commonwealth Ave., 
Cleveland, 0. 

Engineer of New England 
Office, The Electric Storage 
Battery Co., Boston, resi¬ 
dence, 110 Irving St., Cam¬ 
bridge, Mass. . 

Electrical Engineer, 9 Avenue 
de la Bourdonnais, Paris, 
France. 


R. B. Owens. 

L. A. Herdt. 

R, W. Pope. 

J. A. Lighthipe. 
PL A. Russell. 

0. W. Waller. 


Ralph D.Mershon 
W. K. Archbold. 
Thorbnrn Reid, 

R. N. Baylis. 

0. J. Field. 

W. S. Barstow. 


C. A. Adams, Jr. 
S. E. Whiting. 
Gifford LeOlear. 


C. P. Steininetz. 
A. L. Rohrer. 
E. J. Berg. 
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Dyer, Shubael Allen 


Johnson, Chas. E. 


Lafore, John Armand. 


Murphy, John. 


Manager Supply Department 
Mexican u-eneral Electric 
Co. Box 403. Mexico City, 
Mexico. 

Chief Engineer of PowerHoiise, 
Mexico City Tramway, Mex¬ 
ico City, Mexico. 

Electrical Engineer, The 
D’Olier Engineering Co., 125 
South 11th St., residence, 
Overbrook, Philadelphia, Pa. 

Superintendent, Power Houses, 
The Ottawa Electric Co., 
620 Wellington St., Ottawa, 
Ont. 


Qffutt, Anderson, E.E,, Assistant Electrician, South 

Eastern Tariff Ass’n. Care 
Underwriters Inspection Bu¬ 
reau, New Orleans, La. 
Electrical Engineer, Southern 
Railway Co., Box 588 Char¬ 
lotte, N. C. 

Partner, Chas. Wirt & Co., 
1028 Filbert St., Philade- 
phia. 

Examiner, The Patent Office, 
Ottawa, Canada. 


Robinson, Arthur L. 


Smith, Irving B. 


Thomson, Cl.^rence. 


Town, Frederick B. Superintendent Meter Depart¬ 

ments, Potomac Electric 
Power Co , United States 
Electric Lighting Co. 7U6 
11th St., Washington, D. C. 

Trudeau, J. A. G. 329 Kent Street, Ottawa, 

Canada. 


ViEHE, J. S. Instructor in Electrical En- 

gineering.Lehigh University, 
residence, 28 Market St., 
Bethlehem, Pa. 

Wallau, Herman L. Electrical Engineer, Brooklyn 

Heights Railroad Co., resi¬ 
dence, 321^ State St., Brook¬ 
lyn, N. Y. 

Total 18. 


C. P. Beames. 

P. H. Evans. 

M. T. Thompson. 

C. F. Beames. 
Theo. Stebbins. 
M. T. Thompson. 
Minford Levis. 
Jas. G. Biddle. 
W. M, Stine. 

A. A. Dion. 

T. A hear n. 

R, B. Owens. 

A. M. Schoen. 

E. W. Trafford 
Jas. A. Wotton.. 

A. M. Schoen. 

E. W. Trafford. 
Jas. A. Wotton. 
Carl Bering. 

A E. Kennelly. 
Minford Levis. 

A. A. Dion. 

T. Ahearn. 

R. B. Owens. 

C. D. Haskins. 

C. B. Burleigh. 
C. C. Haskins. 


A. A. Dion. 

T. Abeam. 

R. B. Owens. 

W. S, Franklin. 
J. H. Klinck. 
Ralph W. Pope. 

Sam’l. Sheldon. 

A. Treadwell, Jr. 
A. N. Shaw. 


The following associate members were transferred to full 
membership. 

Approved by Board of Examiners, January 12th, 1900. 

John Denham, Electrician, Cape Government, Cape Town, S. A. 


Approved by Board of Examiners, April 13th, 1900. 

J. G. White, J. G. White &Co., 29 Broadway, New York City. 


Approved by Board of Examiners, April 20th, 1900. 

Robert Stuart Stewart, Westinghouse Electric and Mfg. Co., Pittsburg, 

Penn. 
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George William Hublby, Electrical Engineer, Louisville Electric Light Co., 

Louisville, Ky. 

William George Toop Goodman, Electrical Engineer, Tramway Construction 

under Public Works Lep’t., Sydney, 
K S. W. 

Eugene Russell Carichofp, Electrical Engineer, Sprague Electric Co., 

Bloomfield, N. J. 

John Sedgwick Peck, Electrical Designer, Westinghouse Electric and 

Mfg. Co., Pittsburg, Penn. 


The ChaiemA-n: —The appointment of tellers to count the bal¬ 
lots will be next in order. I will appoint Mr. Townsend Wolcott 
and Capt. Samuel Reber as tellers of election, and they may 
choose such assistants as they need to help them in counting the 
ballots. As Proxy Committee I will appoint Mr. William Maver, 
Jr. and Mr. 0. O’. Mailloux. 

The next business in order is the reading of the reports of the 
Secretary and of the Treasurer. ^ ^ . 

The SrouETARY: —Before the ballots are counted I think it is 
proper for me to make an amioancement as to the course of pro¬ 
cedure that has been followed. For the first time since 1893, as 
you are aware, there has been a certain amount of competition in 
the campaign, and in carrying on the work of my office 1 have 
been guided as far as possible by the Constitution, and previous 
rulings of the Council. The ’rulings of the Council in 1893 
were, that a member had the privilege of recalling his ballot 
wliere it was sent in at any time previous to the election. An¬ 
other ruling was that where two ballots had been cast by any 
person, the last ballot east should be counted and the first 
ballot thrown aside. It has been usual in all elections to cast 
aside those ballots which did not bear upon the outside envelope 
the name of the sender. This of course is necessary, in all 
events. All ballots turned over to the tellers have been checked 
off bv the membership list, and are correct, barring clerical 
errors. This will relieve the tellers from the duty of checking 
ofi those ballots, if that is entirely satisfactory to^ the meeting. 
It should be understood that all apparent irregularities should be 
settled bv the outside envelope, as after the envelope is opened 
and the ballot taken out there is no way of distinguishing one 
from another. Therefore If the tellers observe anything that is 
irregular they will please report it to the Chair. 


The Secretary read the following Report of Council for the fiscal 
year ending April 30th, 1900; together with the Reports of the Sec¬ 
retary and Treasurer; accompanied by a statement from the 
Cashier of the Mercantile National Bank, stating the balance to 
the ci'edit of the Institute. 
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Report of Council for the Fiscal Year Ending April 30, igoo. 

As required by the Constitution, the Council submits herewith for the 
information of the membership a report of its work; also the financial 
standing of the Institute at the close of the fiscal year, April 30 , 1900 . 

Four meetings of Council and six of the Executive Committee, constitu¬ 
tionally representing the Council, have been held during the year. 

The completed work of the Committee on Standardization, published in 
pamphlet form for general circulation, has received extended endorsement, 
and the number sold indicates that it is being used in practical work. This 
committee is now co-operating with a committee appointed by the American 
Society of Mechanical Engineers for bringing about a standardization of 
capachies, sizes, speeds, etc., between direct connected steam engines and 
electric generators. 

For several years past the Council has reported certain funds as being 
deposited with different trust companies. During the past year it being 
evident that such corporations were not in all cases beyond suspicion, 
at w^as deemed advisable to withdraw from deposit all surplus funis and 
invest the entire amount in Government bonds. These 3 per cent, bonds 
were purchased, $ 4,000 at 112 and $r.ooo at commission ^- 2 . 50 . During 
the year $ 2,000 had been diverted from the current bank account, in order 
that it might be placed at interest. This amount constitutes simplv a re¬ 
serve fund, and was established because the bank account was unnecessarily 
large, and also that the interest might cover the exchange now charged 
on country checks, which it has done, the accrued interest during a por- 
tion of the year amounting to $ 17 . 18 , while the bank exchange was $ 6 . 00 . 

In accordance with a vote of the Executive Committee May r 6 , i8qq, the 
Commercial Fund existing was closed, and the cash balance of $ 280.20 was 
transferred to the treasurer’s general fund. The items formerly appearing 
in that account are now included in the regular financial report. 

By direction of the Executive Committee, the Secretary and Chairman 
of the Committee on Papers and Meetings compiled and issued to the mem¬ 
bership a Handbook,which has proved to be a useful publication, especially 
for the information of candidates for membership. 

As the result of correspondence with the Institution of Electrical En¬ 
gineers a committee of three was appointed by direction of Council 
November 22 , 1899 . to ascertain the probable number of members who 
would visit Europe this year, and who would probably attend a joint 
meeting of the two societies should it be arranged for. Favorable replies 
being received from seventy members, Mr. T. C. Martin, who sailed for 
London and Pans in March, was authorized to represent the Institute in 
-arranging for a joint meeting at Paris on August i 6 th. 

In order that the files of periodicals might be made more accessible for 
reference the Council has appropriated five hundred dollars for the erection 
of two library stacks m the offices of the Institute and the binding of about 
three hundred volumes. * 

At the meeting of Conncil March 28 th a committee was appointed to 
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represent the Institute in encouraging the establishment by the Govern¬ 
ment of a Standardizing Laboratory. 

The Board of Examiners has held nine meetings during the year, at 
which forty-five applications for transfer were considered, twenty-six being 
recommended for transfer, eleven held over for further information and 
eight disapproved. 

The total membership at the close of last year’s report was 1 , 133 , 
classified as follows; 


Honorary Members. 2 

Members . 363 

Associate Members. 768 

Total. 1133 

Associate Members elected May ist, 1899, to April 13th, 1900 . 130 

“ “ “ previous year and since qualified. 10 

Total . 1273 


Resignations have been received during the year and accepted 
from the following members who were in good standing: 


Members; 

PARK BENJAMIN, HAROLD BINNEY, 

ROMAINE CALLENDER, GEORGES D’ INFREVILLE, 

Associate Members: 


JAMES S. ALDEN, 
HENRY W. CARTER, 
JULIAN DUBOIS, 
FRANCIS M. DYER, 
FRANK W. GLADING. 
R. N. LARRABEE, 

Total Resignations 


FRED’K. MACKINTOSH, 
ERNEST MERRITT, 
EVERETT MORSS, 

R. H. MACMULLAN, 
ALBERT SCHEIBLE, 
DANA C. WELLS. 


There have been the following deaths during the year: 

Members: 


16 


S. DANA GREENE, JAMES HAMBLET. 

Associate Members: 

WILLIAM F. KELLY, CHAS. T. KITTENHOUSE, 

ALEXANDER STRATTON. 


Total deaths. S 


Dropped as delinquent. 


Leaving a total membership of 
as follows; 

T-Tonr,rfiry TVfftmbftrs . 

90 

1183 on April 30th (a net gain of 45), classified 

Members .. 


A«isnriate Members.^ . 



_ 


1183 


A list of associate members elected during the year accompanies this 
report, and will also appear in the Transactions. 

The reports of the Secretary and of the Treasurer show in detail the 
financial standing of the Institute at the close o£ the fiscal year, together 
with an itemized statement of receipts and disbursements during the entire 
year: 
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SECRETARY’S BALANCE SHEET 


Dr. 


For the Fiscal Year Ending April 30, 1900. 


Balance from previous year.634 36 

Receipt's for the year. 12,711 63 

$13,346 01 


By cash to Treasurer. 
Balance to next year.. 


Cr, 

$131089 S 3 
256 48 

$13,346 01 


ITEMIZED STATEMENT OF RECEIPTS AND DISBURSEMENTS 
OF TPIE INSTITUTE 


For Fiscal Year Ending April 30, 1900. 
General Account. 


Receipts. 

Treasurer s balance from previous year$2,664 46 


Secretary’s “ “■ “ 634 36 

Entrance Fees. 650 00 

Life Membership Fees (G. H. Stock- 
bridge, James Mitchell, C. O. Mail- 

Ipux, F, W, Hadley). 400 00 

Past Dues. 979 75 

Current Dues. 57 

Advance Dues.,. 93 50 

Standardizing Reports. 35 80 

Klertrotypes. 30 14 

'I’laiisactions Sold. 508 66 

“ Subscriptions.. 59 

Advertising. .,. 60 00 

Received for Binding. 5'^ ‘■'*5 

“ “ Omgress Book. 4 20 

“ “ Reprint Vol. IV. 2 00 

Badges. 250 90 

(!crtificates... 3000 


Chish Balance from (!ommerciul k'und 2H9 29 


$16,010 47 


Disbursements. 

Revenue Tax. $12 79 

Bank Exchange. 6 90 

Chicago Meetings. S3 00 

Library. 8 09 

Ice... 24 35 

Laundry. 7 S^' 

Office Expenses. 34 iS 

“ Fixtures... 4021 

Duties. 60 

Express. x8r 58 

Telegrams. 2a 95 

Stenography and Typewriting.. 830 70 

Stationery and Miscellaneous Printing 699 75 

Postage. 460 ^9 

Messenger Service. 9 45 

Salary Account. 2,500 00 

Meeting F.xpenses. . 261 60 

Rent Offices and Hall. 1,100 00 

Engraving. 428 14 

Binding. 551 68 

Publishing Transactions. 2,434 27 

Badges . 236 84 

Certificates. 12 00 

Reserve Fund. 2,000 00 

Compounded Membership Fund. 1,132 17 

Appropriation for Secretary, London 

and Paris... 50000 

Secretary's Balance to next year.... 256 48 

Treasurer's Balance to next year.... 2,205 08 


$16,010 47 


All outstanding bills against the iNS'nTUTic were paid in full April 25th. 
There is due the iNsxiTU'rE and probably collectible, $1422.41 
The amount reported last year as probably collectible was $805. The 
amount actually collected was I979.755. 

The total receipts for the past year exceeded the previous year by 
$1,223.69, while the expenses were $1,353*showing an excess in growth 
of expenses over the gain in receipts of $129.42. The net financial gain 
during the year was $2,005.62. 

Property on hand according to inventory, May ist, 1900. 


Office Furniture and Fittings.* • .$ 276.65 

Badges. ^ 27 *°o 

Catalogue Type and Cases. 203.37 

Library. 300.00 

Transactions on Hand...'. 3i®93*So 

Congress Books. 537*o<^> 


' $4i737.52 
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TOTAL NET ASSETS. 

Treasurer’s Cash Balance... • 

U. S. Government Bonds. ■ 

Secretary’s Cash Balance. 

Property as per Inventory. 


Total assets last year 
Ircrease. 


$2,205.08 
, 5,000.00 
256.48 
. 4 , 737-52 


$12,199.08 
10,770 49 


$1,428.59 


Respectfully submitted for the Council, 

RALPH W. POPE, 

Secretary., 


TREASURER’S REPORT. 

From April 30^ 1809, to May i, iqoo. 

George A. Hamilton, Treasurer, in account with 

American Institute of Electrical Engineers. 

Dr. 


Balance from April 30, 1899. $ 2,664 46 

Received from Secretary, April 30, 1899, to May i, 1900. ^3,089 53 $15 ,753 99 


Cr. 

Disbursements from May i, 1899, on warrants from Secretary 
as approved by Council or Executive Committee Nos. 

Tios to 1229 inclusive. $t3iS48 9 ^ 

Balance to new account. 2,205 08 $15 ,753 99 

The following invested funds appeared in last years report: 

Building Fund, Mercantile Trust Co. $ 990 48 

Compounded Membership Fund 

State Trust Co. jl- 


Accrued interest. 

To which was added fees of G. H. Stockbridge and James 

Mitchell. 

Reserve Fund created during the year wPh accrued interest.. 
Balance appropriated from General Fund for Bond purchase. 


4 ^ 73 

200 00 
2,017 18 
932 17 


5-595 00 


This total of $5,595 has been invested by direction of Council in U. S. 
three per cent, bonds in the name of the American Institute of Electrical 
Engineers and deposited in its safe, apportioned as follows: 


Building Fund, . 

Compounded Membership Fund .. 
Reserve Fund. 


Ti'reasurer’s balance carried forward to next 

year. 

Total cash and bonds .... 


Face Value 

Market Value. 

$ 1,000 00 

$ 1,090 00 

2,coo 00 

2,x8o 00 

2,000 00 

2,180 00 

5,000 CO 

5,450 00 

, 2,203 08 

7,205 08 



Respectfully submitted, 

GEO. A. HAMILTON, 

Treasurer. 


New York, May 15th, 1900. 
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The Chairman :—The Execntive Committee of the Couiici] 
inspected these reports of the Secretary and Treasurer and 
approved them. 

Mr. Steinmetz : — I would like to ask the Secretary how many 
copies, approximately, of the Standardizing Committee’s Report 
have been sold. 

The Secretary :—They are sold at two prices; they retail at 
ten cents and wholesale at five cents; and the receipts from them 
are $35.80. So probably there have been, I suppose, between 
800 and 1,000 of them sold. 

The Chairman :—We will now take up the paper of the even¬ 
ing, ^‘Experts and Expert Evidence,” by J. E. Hindon Hyde, of 
the New York Bar. 



A ^aper read at the J^tk A nnual Meeting of 
the American Institute of Electrical Engineers 
'New Yorky May igtk^ \qoQ. Manager Sheldon 
in the Chair. 


EXPERTS AND EXPERT EVIDENCE. 


BY J. E. HINDOK HYDE. 
Of the New York Bar. 


The following notes are simply intended to furnish a subject 
for discussion, for many of the members of the Institute are 
much better qualitied from experience to speak on the matter 
than the author, while the others have probably given the subject 
more thought from personal interest in it than I, as a lawyer only, 
have bestowed npon it. My duty to my client and the court has 
been discharged when I have engaged a competent expert to 
explain the scientific facts and draw therefrom the proper deduc¬ 
tions which aid my client’s case, and with his expert aid dispel 
the illusions called up by my adversary, for my adversary’s deduc¬ 
tions are always illusions. 

But it may be useful to explain what I mean by a “competent 
expert,” for it means much more than that he shall have knowl¬ 
edge of the things about which he is to testify. 

The subject is of very great importance to ns all—to us law¬ 
yers, because it is necessary for us to have experts; to the 
experts, because it is necessary for them to be competent; to us 
jointly, because we must devise some way to remove the objec¬ 
tions which the courts and the public now undoubtedly have to 
expert evidence. 

The newspapers, in connection with a recent famous trial, 
have shown to us all that the public, as such, derides ei^ert evi¬ 
dence, while in the decisions of the judges we constantly meet 
with strong criticisms, not only of the mass of irrelevant matter 
introduced into cases by the united action of lawyers and experts, 
but even amounting to doubts of the honesty of the experts. 
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Such expressions as “the usual conflict of expert evidence’’ and 
you can hire an expert to testify to anything,” are not uncom- 
naon ; while in a recent decision Judge McPherson used the fol¬ 
lowing language: 

There is the usual conflict of expert opinion in the testimony, 
resulting in the usual doubt in the mind of the Court whether 
such a thing as scientific truth can be said to exist when a ques¬ 
tion of infringement is being fought out.” 

Now, while unfortunatelv there is much truth in these criti- 
cisms, there is undoubtedly something to be said on the other 
sid?, and at least we can resort to that expedient of a lawyer 
wdtli a bad case—abusing the adversary-v.by calling attention to 
the fact that judges sometimes err, are frequently overruled, and 
that even the United States Supreme Court has been known to 
reverse itself. 

But the better way is to try to remove the prejudice against 
the experts. It is not impossible, for I have in mind now a very 
good expert who died some years ago and whose word carried 
weight and respect with the judges, because he was known to 
be honest and straightforward, and his manner was so persua¬ 
sive and simple that he generally carried conviction to the men 
to whom he spoke. " 

Of all the scientific subjectswhich enter into the cases to be de¬ 
termined by the courts, I know of none more important than 
that of which electricians are making a study. Indeed, I think 
that I may fairly say that at the present time there is none so 
important unless it be chemistry, and there is a bond of union 
between them. And yet I think that the members of the Insti¬ 
tute will agree with me that there is no branch of science less 
understood in its essential nature and in many of the various 
possible means of its application to the service of mankind than 
electricity, not even excepting psychic force, which, for all that 
we know, may be only a branch of electro-biology. The limits 
of electro-genesis are not now definable, while the protoplasm 
itself, and even the atom, must be theoretically considered as 
both positively and negatively electrified. 

But, without passing into this speculative inquiry, it will be 
sufficient for my purpose to state that in the essentially practical 
subjects of electro-dynamics and electro-metrics, with their 
various industrial branches of electro-chemistry, electro-metal¬ 
lurgy, electric lighting, electric traction, electric heating, electro- 
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therapeutics and electrography—all covered by the expression, 
^4he translation of electric energy into heat, light and power,” 
there is a vast field in which electricians themselves still have a 
great deal to learn, while it is one in which, the courts have 
only their guidance in passing upon very important questions of 
property rights. 

When we reflect that it is almost a century since Oersted’s 
fundamental experiment laid the foundation for the practical 
utilization of the electric current for power purposes, it seems 
strange that we do not know more about electricity than we do, 
and yet what little has been ascertained is practically a sealed 
book to most of mankind, including the judges of our courts. 

It is not so very long ago that I had to describe to a promi¬ 
nent judge who was hearing an argument in a most important 
electrical case what a condenser was, and, further, had to explain 
to him that the current from a battery could be increased by 
adding another cell. In dictating an opinion on certain patents 
and mentioning hysteresis, I almost produced hysteria in the 
stenographer. And I should very much dislike to-day to have 
to depend upon judicial notice ” being taken of Ohm’s law. 
What does the great body of lawyers know of ‘^harmonics?” 
What of Foucault currents? What of the relative merits of 
single and multiphase motors 1 While few. of them remember 
Lenz’s laws of induction longer than from Saturday night to 
Monday morning. 

Neither is it essential, nor even altogether desirable, that law¬ 
yers should know all these matters, for if we did we should not 
have time to learn law. 

As late as May 5th, 1898, one of our judges used the follow¬ 
ing language: 

^^The mystery and uncertainty which surrounds everything 
relating to electricity, and the feeling of admiration, almost 
akin to reverence, for those men who have subdued this unknown 
and dangerous force and made it do the world’s work, make the 
Court diffident about applying these principles which are axiom¬ 
atic in the patent law. There is always the apprehension that 
injustice may be done through failure to comprehend the abstruse 
and difficult problems presented.” 

{Edison EUg. Light Co.y, E. G. Bernard (7o.,88 F. B., 267.) 

It must be apparent, therefore, how completely the judges are 
at the experts’ mercy, and how impontant it is that they should 
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be able to rely upon competent experts. When we remember 
tlie enormous number of patents which have been granted for 
electrical inventions and the vast sums of money that have been 
spent in litigation, the importance is only emphasized; and when 
it is recalled that the two most important electrical cases that 
have been decided by the United States Supreme Court, that 
relating to the telegraph and that relating to the telephone, were 
both decided by a divided Court, the difficulties of the judges- 
must be evident. This is also shown in another important case. 
No one who reads the decision of the Circuit Court in the case 
of the Edison Electric Light Co. v. 'W'estinghonse, Church, 
Kerr and Co., involving the patent for the Edison Feeder Sys¬ 
tem, (55 F. Ti. 290), and compares it with the decision of the same 
case on Appeal (63 Fed. IL, 588), can fail to see how differently 
different judges regard expert testimony. In the one decision,, 
the expert evidence given by the well-known and even cele¬ 
brated experts for the complainants is treated as of authoritative 
weight, while in the other decision it is all brushed aside and 
the Court decided the case on its own assumption of the facts,, 
owing to the conflict of evidence, and held that Edison had 
not made an invention. 

Once more, the judges’ difficulties are illustrated in the re¬ 
cently decided case of Electric Oo. v. Scotty 97 Fed. E. 588, on 
the Tesla patents, where Judge McPherson’s opinion consists 
almost entirely of quotations from the complainants’ brief, which, 
in turn, are extracts from the experts’ evidence. 

What qualities, then, make a competent expert, and especially 
a competent electrical expert? 

Perhaps it will not be amiss to point out first some tenden¬ 
cies that are to be avoided. 

Bacon, in his Novum Organum,” and Herbert Spencer, in 
his “Study of Sociology,” have indicated many of the biases 
with which men approach the solution of a question. Some of 
the special biases of an expert may be enumerated. 

1. The Mas of his school ,—The importance of this can hardly 
be overestimated. It is exemplified in the controversy between 
the allopathic and homoeopathic schools in medicine; that be¬ 
tween the advocates of the alternating current and those of the 
direct current, respectively, for certain electrical purposes; the 
warfare between the Plutonists and Neptunists, in geology; the 
dispute as to the first discoverer of induction; the fight over the 



1900.] 


E7DE ON EXPBBT EVIDENCE. 


351 


Jiniits of deduction and empiricism, the old question as to the 
nature of sight; the discussion between the followers of Galvani 
and Yolta respectively; the former controversy as to whether 
oxygen or hydrogen should be used as the standard of atomic 
weight; the different claimants for the suggestion of the theory 
of magnetomotive force in a magnetic circuit, with its analogies 
to Ohm’s law and its consequent bearing upon the forms ot 
dynamos, and there are many other cases that will occur to every 

2. T]ie lias of race .—I do not believe that even a scientific 
man is entirely devoid of this prejudice. 

Eno-lishmen know that Scheele discovered oxygen, but they 
alwayl give the credit to Priestley, while Swedes know that 
Priestley discovered it, but they give the credit to Scheele. INo 
Prenchman speaks of Adams as the discoverer of the planet 
ISTeptune, while Englishmen rarely assign the discovery to Lever- 
rier • and Galle of Berlin is the German discoverer. So, too, 
the telegraph has been claimed for Steinheil, for Wheatstone, 
for Davy, for Henry, and for Morse. _ 

3. The lias of personal dislilce.-T:\a& dislike may be either 
to the client or to the lawyer or to the expert on the opposite side, 
but it should not be allowed to influence the expert. _ 

4. The lias of ratio of fees to se 7 >vices—Oi this bias 1 shall 
not speak, as we all understand it. The poet Gay has spoken 
of it in speaking of lawyers. He writes: 

“ I know you lawyers can, with ease, 

Twist words and meanings as you please. 

That language by your skill made pliant, 

Will bend, to favor every client; 

That ’tis the fee directs the sense, 

To make out either side’s pretense; 

When you peruse the clearest case, 

You see it with a double face; 

For skepticism’s your profession; 

You hold there’s doubt in all expression. 

Hence is the bar with fees supplied; 

Hence eloquence takes either side.” 

5. Then there are also the liases due to the personal equa- 
tionP—'Jl'h.Q\:Q are experts whom I have known who seemed 
constitutionally unable to answer questions directly and simply. 
Sometimes the bias takes the form of a seeming choice of un¬ 
necessarily involved and stilted language, as if the witness were 
endeavoring to impress the hearer with a sense of the vast learn- 
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ing of the expert. Again, it is shown in an apparent unwilling¬ 
ness to admit the truth, and if the admission is finally made, it 
is prefaced by really unnecessary explanations which do not, of 
course, destroy the value of the admission when finally obtained, 
but they affect the value of the expert, both to the cause and to 
the Court. 

We can all imagine how provoking such answers are, particu¬ 
larly upon cross-examination. Nor do they do any good—they 
seem to he a sign of weakness, though they may not be such. 
Besides spinning out the record to an unreasonable length, and 
thus tending to irritate the judge who has to read the testimony, 
or wearying the jurors who have to listen, they add enormously 
to the expense, both in the way of fees for recording them, and 
in the printer's bill, while the expert who gives such answers 
incurs the suspicion of trying to increase his own fees, as well as 
of being unfair. Of course I know that we lawyers, in our 
ignorance, often put questions that cannot be answered directly, 
and the expert in such cases is obliged to protect himself by 
necessary explanations ; but it is better not to carry the matter 
too far, and often on cross-examination it is the best policy to 
answer ^^yes” or ‘‘no’’ whenever possible, as such answers do 
not provide the lawyer with material for his next question. In¬ 
deed, they are often the most embarrassing answers that can be 
given. Again, instead of giving explanations, it is frequently 
wise to answer‘‘yes and no,” where neither assent nor dissent 
alone would be sufficiently full, for then you put the responsibility 
of further inquiry into what is often a totally irrelevant subject 
upon the lawyer and he must take the blame. Besides, it is 
not necessary always to explain so much, for the judges are not 
always ignorant, and it must be your experience, as it is mine, 
that, as a general rule, justice is done in a case by the time, if 
not before, it has been decided by the highest court. We may 
not always approve the final decision, but in the great majority of 
cases it is apt to be right. 

Then there are experts who have a special hobby, and who 
endeavor to bring everything around to that particular pet; and 
though they may not be quite so bad as a lawyer with whom I 
am acquainted, and of whom it was said that on one occasion, 
in addressing the Court, he remarked: “ I do not know much of 
the subject of this case, but I do know something of electricity,” 
(I wonder how much he knew), “ and, if the Court please, I will 
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say something of that,”yet they are apt to bring in irrelevant 
matter in exploiting their own “ fads ” and, possibly, their own 
reputations. Then, again, I remember an instance where an 
expert took seventeen days to answer one question. It is true 
that it was not entirely his fault, for he was asked by the lawyer 
who retained him to compare the invention of the patent in 
suit with each and every of the patents and publications set up 
in defense, and this, of course, required time. The expert was 
left alone with the typewriter, without questions to guide him 
as to what matters were important and what references might be 
quickly passed over. The proper way was for the lawyer and 
the expert to have consulted previously and decide which refer¬ 
ences were the most important, so that the others could be dis¬ 
missed in a few words. The lawyer should have taken the bur¬ 
den of telling the Court why the references were not all 
material, and the Court would have understood. 

There is another very important defect in the mental make¬ 
up of some experts, and that is a tendency to discuss and explain 
their interpretation of the law. I recall a very able expert 
whose inclination in this regard was so strong as to frequently 
interfere with his usefulness. He would not only dispute the 
matter with the lawyer who called him, but even when told that 
the United States Supreme Court had definitely decided the 
question contrary to his contention, he would reply that in that 
case the Supreme Court was in error. The dispute could gener¬ 
ally be kept off the record while he was under direct examina¬ 
tion, by a prior understanding with his retaining counsel, but 
he usually found some place for his views during the cross- 
examination. All this was wrong. The Jndge paid no atten¬ 
tion to him on this subject, and be only went out of his province to 
engender probable irritation and to cause undoubted unnecessary 
expense. 

How, having stated some of the qualities which an expert 
should not possess, let me pass to the other side of the yncture 
and enumerate some of the privileges, rights, duties and char¬ 
acteristics which pertain to a competent expert. First as to his 
privileges. 

I can conceive of no case where it is not the privilege of a 
qualified expert to testify,unlessitmay be because of his relations 
to the opposite side, and I shall speak of this subject later. 
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There is no inherent reason why an expert is disqualihed Irom 
stating the facts within his knowledge because he thinks that 
his client has a bad or unjust case. 

I cannot do better than to quote some remarks made by Dr. 
Johnson which Boswell has recorded as follows: 

‘‘We talked of the practice of the law. ISir William Forbes 
said he thought an honest lawyer should never undertake a cause 
which he was satisfied was not a just one. Sir, said Johnson, 
a lawyer has no business with the justice or the injustice of the 
cause which he undertakes, unless his client asks his opinion, 
and then he is bound to give it honestly. The justice or the 
injustice of the cause is to be decided by the Judge. Consider, 
sir, what is the purpose of courts of justice! It is that every 
man may have his cause fairly tried by men appointed to try 
causes. A lawyer is not to tell what he knows to be a lie; he is not 
to usurp the province of the jury and of the judge, and deter¬ 
mine what shall be the effect of evidence, what shall be the result 
of legal argument. As it rarely happens that a man is fit to 
plead his own cause, lawyers are a class of the community who, 
by study and experience, have acquired the art and power of 
arranging evidence and of applying to the points at issue what 
the law has settled. A lawyer is to do for his client all that his 
client might fairly do for himself if he could. If by a large 
superiority of attention, of knowledge, of skill and a better 
method of communication, he has the advantage of his adver¬ 
sary, it is an advantage to which he is entitled. There must 
always be some advantage on one side or the other,and it is better 
that the advantage should be had by talents than by chance. If 
lawyers were to undertake no causes until they were sure they 
were just, a man might be precluded altogether from a trial of 
his claim, though were it judiciously examined, it might be found 
a very just claim.” 

I think that the foregoing statement is peculiarly applicable 
to an expert even if its truth can be questioned in regard to a 
lawyer, as Lord Eldon did question it on one occasion. For the 
expert is called upon simply to state facts, and his conclusions 
from those facts. He is not required to enlist mistaken sym¬ 
pathies in a bad cause by persuasive eloquence. He should not 
be a “ sworn advocate,” as he has on frequent occasions been 
justly called. He may present the facts in the manner most 
favorable for the side for which he testifies, but they must be 
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facts and they must be stated so as not to mislead. Each expert 
must judge for himself in these cases. . 

Imagine a case of poisoning. Would an expert be justified in 
stating that he had found arsenic in the subject of an autopsy, and 
'Suppress the facts,either that it was in such minute quantities that 
it could not have been the cause of death, or in such portions of 
the cadaver as showed that it was injected in the embalming 
fluid ? Would it be right for him to trust to the opposing lawyer 
to bring out such facts ? Again, in the case of an engine, would 
it be right for an expert to say that it worked, but omit to state 
the fact that it would only run during an incomplete revolution, 
or that it ran so badly as to show that it was a failure ? Still 
again, in an electrical case, would an expert be right in asserting 
his untried theory as a fact? I leave the answers of these ques¬ 
tions to the experts, 

I was asked this question by an expert a short time ago: If I 
am retained in a case by a lawyer, and, after looking into it, find 
that I cannot take the position that he wishes me to take, am I 
entitled to keep my retainer as compensation for my labor of 
examination, and refuse to testify ? Further, can I accept a 
retainer from the otlier side and testify for them ? 

This looks like a complicated question, but it seems to me 
that the answer is really simple. 

I reply that an expert is certainly entitled to compensation for 
his labor in examining the questions in a case in which he is 
asked to testify, if he has to expend labor in such examination. 
Whether he shall keep the whole amount of the retainer which 
was given to him in the expectation that he would testify, de¬ 
pends upon the amount of the retainer, and the amount of labor 
necessarily expended in the preliminary examination of the sub¬ 
ject. Although it is not always just to the expert, I think that 
the better policy would be to return a considerable part of the 
retainer and keep the rest as compensation. I know of one ex- 
])erfc who used to return the whole of the retainer if he was 
unable to act, but he was a rich man and could afford to be gen¬ 
erous. Even then, I believe that his practice tended to his ad¬ 
vantage in the end. 

The better way is to have an understanding in advance that a 
fixed sum is to be paid for the preliminary examination, making 
this sum large enough to compensate also for the expert’s risk 
..that such examination may disclose facts to him that would pre- 
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veiit him from testifying for the other side, even if he found 
that he could not act for the first applicant for his services, 
and, perhaps, a further sum as retainer, if he testifies. 

The answer to the second part of the question is as follows: 

If the expert has, during his preliminary examination, learned: 
facts which can be even remotely said to be confidential and 
which are detrimental to the side for which he was asked to 
testify, he cannot in any case act for the opposite side, for he 
would be under a moral obligation to tell all that he knows that 
would assist the whole truth being elicited. If he has leai^ned 
nothing which is of a confidential nature, I know of no reason 
why he should not testify for the other side. 

The following question has also frequently arisen. An expert 
has testified in a case, or several cases, where it was necessary to 
learn much of the client’s business, his machinery and processes. 
In a new suit between the client and a new antagonist or one of 
the old antagonists, he has not been retained by his old client 
for some reason, but the adversary seeks to retain him. Is lie 
at liberty to accept ? 

I think the proper thing for the expert to do in such a case is to 
state the facts to his old client and offer him his services, and if 
they are declined, ask permission to act for the other side. This 
is not indelicate, and it is only fair. The client can be trusted to 
either retain him or give him that permission. If, however, 
he does neither, the expert must judge for himself. It is cer 
tainly not fair that he should be forever tied up because he has 
once acted for a client. 

A celebrated lawyer once laid down this rule of action for him¬ 
self. 

If I ever had any connection with a cause, I will never per¬ 
mit myself (when that connection is for any reason severed) to be 
engaged on the side of my former antagonist. Nor shall 
any change in the former aspect of the case induce me to regard 
it as a ground of exception. It is a poor apology for being on 
the other side, that the present is but the ghost of the former 
cause. 

I think that that lawyer went a little, but very little, too far. 

Now, a few words as to the duties of an expert.' Some of 
these have necessarily been referred to above, but there are one 
or two others that may be mentioned. First and foremost of 
hese I put honesty, unswerving honesty and truthfulness. 
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Honesty and truth to tlie client, honesty and truth to the 
lawyers, and honesty and truth to the Court. In no other way 
can a man secure the respect of others, and, more important 
still, his self-respect. 

In this way he will not convey false or misleading impres¬ 
sions, he will not suppress a part of the truth, and he will not 
“pad out” a record for the sake of increasing his fees, will not 
waste time, nor will he lend his aid to any of these things. He 
will govern himself with equal strictness on direct examination 
and on cross-examination, and he will take a position the reverse 
of that of the man wiio said: “ If the facts do not agree with me, 
so much the worse for the facts.’* 

Again, these qualities will lead him to answer each question 
by itself as it is presented, and not eoneerii himself with what 
he may have previously said in that or in other cases, or on other 
occasions. It is probable that he has made former mistakes, but 
they must be confessed without fear. JSlo explanation by him 
will ever reconcile two inconsistent statement of fact so as to 
cause belief that both statements were correct. He may show 
that they are not inconsistent, if he can, but this should be done 
as briefly as possible. If they are inconsistent, it is his duty to 


confess it. 

Another duty is to be fully qualified to speak authoritatively 
on his subject. It would be well for him to remember what a 
Jud«-e once said to me in explaining why courts are so jealous in 
assuming jurisdiction of a case. “ It is not,” he said, “that the 
judo'es are attempting to shirk work, but every case involves 
personal or property rights, and unless the law clearly declares 
that it is his duty to do so, a conscientious judge always dislikes 
to assume the responsibility of curtailing the one or taking 
awav the other.” 

It is the expert’s duty to his client and his lawyer to show the 
same hesitation unless he is fully equipped for the case. _ 

Mv opponent once lost a very important electrical case against 
the city of New York, so that he had to drop it before it went to 
Court, because his expert had not informed himself about what 
he had to testify before he went upon the stand. The expert 
explained to me afterwards that his client would not meet the 
expense, but he himself evidently did not see that he should 
have declined to act without this necessary knowledge and that 
even if it could not be said that he was attempting to deceive the 
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Court as to Lis qualifications, Le was certainly jeopardizing his 
client’s interests. TLis is a clear illustration of the necessity of a 
fully qualified expert. 

Again we can all appreciate the value of an answer which 
reads, “I know it because I have tried it,” and how such an an¬ 
swer, even wdien given by a young expert, counterbalances all 
speculative answers made by much more celebrated men. 

I recall a curious instance which shows the necessity for exper¬ 
iment. A young electrical expert was asked on cross-examination 
for an explanation of the action of a certain structure and he 
gave his answer, basing it on his general knowledge of what had 
been demonstrated by Faraday, but without having had an op¬ 
portunity to prove his correctness by experiment. He was con¬ 
tradicted and even derided by the opposing and better-known 
expert, and yet subsequent experiment showed that he was right. 
But it was too late for that case, and tlie Judge probably gave 
more weight to the erroneous view of the better known man than 
to the other. 

As has been said by a well-known writer: In deciding be¬ 

tween contradictory expert testimony, juries should con¬ 
sider the respective reasons, ability, knowledge and fairness of 
the experts. To judge according to their number or their fame 
would be unsafe. Tlie wealthier litigants are generally those who 
employ the more numerous and the more expensive expert wit¬ 
nesses. But it is not always the wealthier litigant who is right 
in a controversy, nor always the more famous expert who is right 
in his opinion,” (he might have added his facts). “ The carefully 
digested views of a young and studious scientist may be often 
more nearly true than the more hastily formed opinion of a more 
experienced man.” (Walker on Fats. 3rd Edit. 4^8.) 

There are many matters in which the Court or jury is not com¬ 
petent to weigh the ‘‘reasons,” “ability,” and “knowledge” of ex¬ 
perts, but it can always weigh their “fairness”; and the man who 
hesitates to speak before he has proof of what he says always out¬ 
weighs the man who boldly asserts a thing without having such 
proof. 

Once more, an expert’s duty to the Court should govern his 
action toward the lawyer who retains him. As an expert’s 
first duty is to the Court as the representative of justice, he 
must not allow any consideration to interefere with this 
duty. With this in mind, he will primarily wish the ques* 
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tions upon ^hicli he is to testify to be submitted to him 
ill such a manner that he can formulate his own conclusions 
without unavoidable bias, and without persuasion. It is best that 
he should not know, if possible, whether he is to act for the com¬ 
plainant or for the defendant, and he will ask the lawyer not to 
suggest anything that will tend to influence his opinion before he 
has made his preliminary examination of the matter in dispute. 
It is, perhaps, too much to expect that the lawyer will not gener¬ 
ally allow his zeal to suggest what he wishes, but I have known 
cases where this was not done, and we can all readily imagine the 
feeling of relief with which the experts then went on the stand 
and testified that their answers had not been influenced by any 
considerations other than their own independent thoughts. I am 
sorry to have to say that these occasions are rare, but there can 
be no doubt that they should be universal. If they were known 
to be such, I think that in a large preponderance of cases, there 
would be no “ conflict of expert evidence.” 

The experts have this matter in their own hands, and it is not 
only their duty, but their right to see that the practice is general. 

And now in conclusion,a few words as to the characteiustics of 
a competent expert. 

I am pleased to be able to state that in my experience I have 
rarely met with an expert who was other than courteous, modest, 
and tolerant in manner. They seem to have an innate percep¬ 
tion of two valuable rules laid down by Vice-Chancellor Hoffman 
for the guidance of lawyers. The first of these is as follows: 

“ Should 1 attain to that eminent standing at the Bar which 
gives authority to my opinions, I shall endeavor in iny inter¬ 
course with my junior brethren, to avoid the least display of it 
to their prejudice. I will strive never to forget the days of my 
youth, when I, too, was feeble in the law, and without standing. 
1 will remember my then ambitions aspirations (though timid 
and modest), nearly blighted by the inconsiderate or rude and 
arrogant deportment of some of my seniors; and I will further 
remember that the vital spark of my early ambitions might have 
been wholly extinguished, and my hopes forever ruined, had not 
my own resolutions and a few generous acts of some others of 
my seniors raised me from my depression. To ray juniors, 
therefore, I shall be ever kind and encouraging, and never too 
proud to recognize that, on many occasions it is quite probable 
that their knowledge may be more accurate than my own, and 
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that they, with their limited reading and experience, have seen 
the matter more soundly than I, with my much reading and 
long experience.” 

We all readily see how this is as applicable to experts as it is 
to lawyers. 

The second rule reads : 

“Should judges, while on the bench, forget that as an officer 
of the court, I have rights and treat me even with disrespect, I 
shall value myself too liighly to deal with them in like manner. 
A tirm and temperate remonstrance is all that I will ever allow 
myself.” 

This may be paraphrased for experts as follows: 

Should lawyers, while questioning me, forget that as a witness 
and a gentleman I have rights, and treat me even with disre* 
spect, I shall value myself too highly to deal with them in like 
manner. A lirm and temperate remonstrance is all that I will 
ever allow myself. 

There is no doubt that occasions frequently arise when there 
is a strong temptation to turn foolish questions into ridicule, 
when a trifling advantage may seem to be gained by sarcasm or 
an unkind witticism, but this- does not pay in the end. Front 
and foremost of all, the sacredness of the cause should be borne 
in mind; it is a serious matter that calls for expert evidence, and 
the expert should be serious. Jokes are very good fun, but 
unless they illustrate a point you wish to make, they are out of 
place in a court of justice. 

I look forward to the time when the Court will have its own 
expert as its technical adviser, and then, while there may still 
be that “conflict of evidence” which is now so usual, it will do 
less harm. The Court and its expert wull work together to 
arrive at the truth and sift the chaff from the wheat. I believe 
that this practice has been adopted in France and in Germany. 

Finally, when I add that the competent expert tries to explain 
the most technical questions in the least technical way; that he 
is equipped with a wealth of illustrations to illuminate the facts; 
that he conflnes his answers as closely as possible to the ques¬ 
tions; that he is not timid in admitting his ignorance; and, 
besides all this, is ingenious in devising models and experiments 
to explain his statements, I believe that I have enumerated most 
of the qualities which a competent expert should possess. 
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Discussion. 

Mb. Edwaed P. Thompson:— I wish to make a few remarks 
on the experts’ side of the question. In regard to the matter 
of honesty, of course that is an enormously important matter, 
and yet a comparatively trivial matter. There are plenty of 
people who are honest.' AVhat we want is more competency. 
That is a scarce article. I remember one expert saying that he 
did not like to be an expert. I said, “ liow is that? 1 on have 
served very often.” ‘-Well, I don’t like it. 1 find clients all 
expect me to tell lies, and I don’t like to disappoint^ clients. 

But that same expert is one who was quite popular, and is the one 
whom lawyers prefer. He is both honest and competent. A 
person is the best expert who is not only honest but also com¬ 
petent. You must keep those two things together. Honesty 
without competency amounts to nothing. Competency without 
honesty amounts to nothing. It is just like an invention, a 
combination of two things. An expert must 
of tliese two things. In the first place, he ought to be able to 
distiim’iiish between what is an invention and what is a device. 
Of course he must not hurt the feelings ot tne ludge and the 
lawyers, and tell whether the device infringes or whether the two 
are identical; but the expert must He need not declare 

whether there is infringement or not, but that is what he should 
tend to understand from the time when he begins to examine 
the papers, to the end of the case; and if m examining, he is 
very doubtful as to whether his testimony will be beneficial to 
the^client, he should tell the client that, and let the client know 

^^li^trS^matter of the value of _an 

wfitnesses. When cases can be carried on m couit without 

witnesses, then patent suits can exist 

On the snbiect of an expert being employed o} the court, as a 
substitute for'employment by the client, of course that would be 
worse than it is at the present time; but He J 

preted in another way, I >Cent mrtierH 

iddition to the experts employed by the P^f^^eban 

slionld also be an expert engaged by the eouit, 

jrlf omfusion. I happened to te 

judge who decided a patent suit. He ‘ „„„ 

'tricTtv He knew no more about electricity than ve aie sip 
posed to know about Greek-not as mucin Sn®h 
Imderstand experts on opposite sides. He knows not wmen o 

'^TS^Ixpert has come to be, of course ^ 

Tf tbpre are fifty claims, experts must know what the ainer 

eLe i Ltween L fi«t aU (Steenlh, or the «r J and 

“d S on. They most know the enact shade of ddteienoe 

between those clainas. 
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As to incompetent evidence there is an instance where testi¬ 
mony was given in the Morse case; they actually brought in as 
alleged bona fide evidence the fact that dots and dasiies were 
scratched on the walls of a prison by two prisoners, who could 
not actually see each other, the dots and dashes representing the 
alphabet—that was submitted in a bona fide way into court to 
]^ove that that was anticipation of the Morse telegraph system. 
What is the difficulty, and why is there anything strange about 
this? There is really nothing unusual; it only happens to be an 
important case in the courts, and happens to be an important 
invention, and happens to be an important inventor, and so it 
strikes us as unique. Similar blunders occur now. An expert 
often distinguishes between the elements of an invention, instead 
of the invention as a whole. An invention consists of a combi¬ 
nation. Laughing gas would not be old simply because its 
elements, nitrogen and oxygen are old. Testimony' is wrongly 
taken in regard to priority of the elements of the invention 
instead of the invention itself as a combination: You have to 
distinguish what is an element and what is the whole invention. 

In a certain patent suit, there was a photograph which appar¬ 
ently illustrated the same invention as the model that was put in 
by the other side, and was about to be accepted, and stipulated 
upon, that it would not be necessary to bring the model repre¬ 
sented by the photograph,—that the two were identical. But 
the expert insisted upon having more satisfaction than that, 
because the photograph looked suspicious. A photograph, you 
know, can make a circle look like an ellipse, for example. It 
makes things in the background appear closer than they really are. 
The photograph had been taken to make the two things look 
alike and yet they were^not. So the expert must know the tricks 
practiced by the other side. They may not be intentional tricks; 
you need not accuse a person of being dishonest, but things come 
up of that kind and if a person is not aware of what is going on, 
he may get caught himself. 

The gentleman who read the paper spoke of one expert who 
took seventeen days to answer one question. Probably that was 
the fault of everybody, the fault of the expert and tlie fault of 
the lawyer and the fault of the stenographer and the fault of the 
opposing lawyer, and the fault of so many patents being put in, 
and faults all over. ISverything was wrong. Of course the 
solution that was given by the author of the paper was the 
proper one. 

Mu. Jesse ]M. Smith \—I think if we were to hear another lawyer 
on this same subject we would get very different views, just as dif¬ 
ferent experts will have different views on the same subject. If 
there were not two views by different attorneys, and two views 
by different experts, on a given subject, there would be no liti¬ 
gation—there could be none. How it is the function of the 
court to determine which of these two opinions is more nearly 
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reasonable, which is rio’ht, as the court sees it; because the court 
is the one authority that can cut the G-ordian knot It is not 
for the experts, nor for the attorneys. The first court may be 
wron^, but then the case will go to the appellate court, and two 
appellate courts may see it differently. Then the Supreme 
Court of the United States comes in and says what is right and 
what is wrong, and nobody can go behind that. 

JNTow as to what the duties of an expert are, and what the 
duties of an attorney are in a case. That is a question which is 
also debatable and which will be debatable to the end of time. 

On the question of whether the expert should sit with the judge^ 
or whether the facts can be brought out better by experts hired 
by the two sides, I lean to the idea of the experts hired by each 
side, and let those experts be honest and competent, and let them 
sift the facts, each one presenting his facts^ as he^ sees them, 
to the best advantage; and let the court decide which is right 
and which is wrong. 

Uow as to the question of bringing an expert into a case 
without preparation. It frequently happens. The client has 
not money enough to pay, or will not pay the expert to prop¬ 
erly investigate the subject before he goes into the case. The 
honest and com])etent expert will not go into a case unless he has 
prepared himself in advance ; and he is entitled to the pay that 
is necessary for that preparation ; and if after he has fully exam¬ 
ined the case he says to his client, “I am not prepared to take 
the position that your attorney wishes me to take,” then he 
should keep his retainer, and be paid something besides; because 
he has taken the confidence of the client, as well as the attorney 
who has put the papers and the facts into his hands, and he is in 
duty bound not to. take the other side of the case under any cir¬ 
cumstances. Therefore he is entitled to the full amount of that 
retainer and he is entitled to compensation for every hour that 
he has put on to the case, because he has done it honestly. He has 
earned it. I fully agree with the view expressed by Mr. Hyde, quot¬ 
ing from an eminent attorney, that when he has been once on one 
side of a case he cannot go onto the other side. It makes no differ¬ 
ence whether his client has failed to retain him on a yearly retainer, 
or in any other way; if he has once taken the confidence of a 
client he is bound by common honesty to stand by that side, and 
not take a retainer on the other side, and risk breaking down 
his former client’s case, by divulging some secret or confidential 
knowledge.. 

Now in regard to this question of a man taking seventeen 
days to answer a question. That applies to me. 

Mr. Hyde:-— I think not. Yon are not the gentleman I re¬ 
ferred to at all. 

Mr. Smith am going to say that it applies to me because 
I have frequently taken that amount of time to answer a single 
question, and I expect to continue in just that way, and I will 
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tell you the reason why. In the majority of cases in which I 
have testified, for the most competent attorneys in this country, 
I have rarely been asked on direct examination more than six 
questions. The first one, ‘‘ What is your name, age. residence 
and occupation?” The second, What is your qualification ? ” 
The third, is some insignificant question. Then come the cru¬ 
cial questions: Fourth,What is the structure set forth in the 
patent in suit and recited in claims 1, 3 and 5 ? ” Fifth, What 
is the state of the art in regard to those claims ? ” Sixth, ‘‘ Com¬ 
pare the patent in suit with the state of the art.” Now those 
questions sometimes are condensed into two or three, and 
with design. It is done, vrhere a competent attorney and 
a competent expert come together, after a very careful study 
of the case by the expert, and a very careful consultation between 
the expert and the attorney, so that the expert knows exactly the 
position which the attorney takes, and the attorney knows ex¬ 
actly the position which the expert takes, and they are working 
in unison.^ When that is so, all that is necessary is a single ques¬ 
tion to bring out the facts in regard to the case. Then another 
question is, Compare the patent in suit with defendant’s struc¬ 
ture.” ^ This question may take several days to answer, in 
connection with the prior art; but when those questions are 
asked and answered the direct testimony is finished. Then comes 
in the cross-examination, and that takes longer. 

^ As to the question whether two men can be honest and be of 
different views on the same subject: I was in a case recently 
w^here the question turned upon whether a rheostat was an elec¬ 
tric^ heater; that is, whether a rheostat could be cited properly 
against a patent for an electric heater. A coil of wire in which 
a current of electricity is passing is a rheostat, and it is also a 
heater. ^ Now where does the coil of wire cease being a rheostat 
and begin to be a heater ? You cannot put a current through a 
coil without having resistance, and you cannot put a current 
through the same coil without getting heat. Therefore a rheo¬ 
stat is a heater. But experts will talk at length on that little 
difference. They will say that a rheostat cannot be cited against 
an electric heater patent, and vice verm ; and in that way a large 
amount of time is lost and a large amount of money is wasted, 
in talking about insignificant facts, when it is simply an applica¬ 
tion of Ohm’s law. 

It is said by the author, and very properly, that an expert 
should not get mad, should not say things on the record that do 
not belong there. I perfectly agree with him. He ought not 
to get mad, but it takes a saint not to get mad at the questions 
that are sometimes put to him. The expert who has had the most 
experience gets the least mad ; but he gets awfully mad in get¬ 
ting the experience. Sometimes, after a long direct exami¬ 
nation, the first thing that the attorney on the other side 
does is to put in a lot of objections, in which he attacks the bon- 
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esty of the witness, his ability and his sincerity, and suggests 
ev'erything that is disreputable; and it is done evidently with 
the intention of getting at cross purposes with the witness from 
the beginning, and getting him mad and getting him to say 
things that he would not say in his sober senses. It is necessary 
sometimes to knov/ the tricks of the attorney for the other side in 
order to meet them. An expert is liable to confront some attorneys 
(fortunately there are very few of them) who are dishonest enough 
to pursue that kind of a policy; but I wish to say here, that in all 
my experience with the patent bar, not only in this city but 
in the West, where I have had more experience than here, a 
finer set of high-grade gentlemen does not exist than the better 
practitioners of the patent bar. 

Me. Chaeles L. Claeke: —As the author^ says, the public 
derides expert testimony. Naturally there is considerable dissat¬ 
isfaction with such testimony on the part of lawyers, and experts 
themselves are disgruntled more or less, because of this state of 
of affairs. I think whatever disfavor experts meet with is, in 
greater part, due to themselves. It makes no difference what 
pressure may be brought to bear from the outside to mislead 
an expert, or to induce him to depart from telling the truth and 
telling it straight, whether in matter of fees, or xealousness for 
clients, or the prodding of lawyers, an expert is not obliged to 
be governed thereby, if it does not lead him in the line of truth ; 
and if lie does not follow in that line, of course he injures his 
reputation. An expert ought to be upon a very high plane, 
practically upon the same plane as the court, only the expert 
does not decide the case. Tlierefore, when an expert does fall, 
the fall is great, and the noise that is made thereby is loud and 
spreads afar. A very few experts who do not go just right can 
bring discredit upon the whole craft. 

I was impressed with the correctness and importance of that 
part of Mr. Hyde’s paper in which he speaks about the improper 
tendency of some experts to discuss and explain, in testifying, 
their interpretation of the law. In that connection I would say 
that we experts sometimes do, so to speak, take the law into ouV 
own hands. I have done it. I am getting over the bad and 
improper habit, or at least trying to, of expressing opinions upon 
the question of invention. Quite frequently that habit on tlie 
part of experts has been severely cidticized by the court. Of 
course an expert has no right to express an opinion as to whether 
to do a thing did or did not require invention; that is a question 
solely for the court to consider and decide. Then, again, ex¬ 
perts are making an ever-increasing use of that mysterious and 
well-nigh omniscient individual, the ‘^skilled mechanic”, to 
help make out their client’s side of the case. They very often 
express the opinion that the skilled mechanic would naturally, 
as a matter of course, have done this and that—the very thing 
described in the patent which is in suit—thereby practically tes- 
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tifying tliat no invention was required. It is not right for the 
expert to make an}^ use of the skilled mechanic other than to cite 
all the cases that may be necessary as bearing upon the matters 
in controversy where mechanics have been known to do certain 
things. The expert may approach just as close to what has been 
done in the patent, by explaining what mechanics have don(% as 
he possibly can. Then it should be left for the court to say 
whether, in view of what had been done, a mechanic would, with¬ 
out invention, have done the thing which is in the patent in suit. 

In regard to the question of the employment of an expert, I 
am rather inclined to think, after a full consideration of that 
matter myself, and discussing it with a number of prominent 
lawyers, that the best way for an expert to prevent misunder¬ 
standings, and avoid possible loss of reputation, perhaps unjustly, 
is to charge a reasonable retainer to cover a preliminary exam¬ 
ination of the ease, which retainer estops him from acting for 
the opponent of the party first approaching and retaining him, 
and is suflicient, in some measure, to reimburse him for the labor 
of such examination in case it is found that he cannot be of prac¬ 
tical use to the party who has retained him. In that way he 
gets something for his work. Of course he runs the possible 
risk of being deprived of a large amount of work by not acting 
for the other party, in case he finds that is the party in whose 
case he believes; but nevertheless he had better lose that chance 
rather than run the risk of losing his reputation for fair dealing 
by accepting a retainer from the party who first approached 
him, and getting more or less knowledge of their secrets, and 
then going over to the other side. I am glad to see that the 
author agrees with me in this view. 

Mr. Hyde has suggested the advisability of the court having 
its own technical adviser. I also think it might be well for the 
court to have such an adviser, but I do not think that the liti¬ 
gants should be debarred from having their own experts, because 
the court might not select a person who would be as competent 
to expound tiie technical and scientific features of the case as 
other available persons known to the lav/yers of the litigants, 
and therefore an injustice might be done, although undoubtedly 
the expert adviser of the court would always be competent to 
review tlie testimony of the experts for the litigants. 1 think 
that the employment of a court adviser might tend to shorten 
the time consumed in taking testimony, and help to lessen ex¬ 
penses. Would it not be the fact that experts for litigants, know¬ 
ing that an expert appointed by the court was to review their 
testimony, would he shorter, sharper, and more direct, and not 
wander oil into the fields of conjecture? And then again would 
not the lawyers trim the case down, in view of that very fact, 
and not lumber the record with unnecessary depositions and 
other iri^clevant matter? 



1900.J 


DISCUSSION IN NEW YORE, 


267 


In conclusion I might say that lawyers can assist in raising 
the standing of the craft by relegating to the rear experts who 
are known to be shifty and adroit,^ in the invidious sense of those 
terms. 

We have with ns this evening a gentleman who is known to 
yon all, at least by repntation, as an expert of long experience 
and honorable standing, and from whom I am snre yon would 
like to hear a few simple and direct rules for yonr guidance. 
He is, I believe, the Nestor of experts. It gives me pleasure to 
introduce Mr. Edward S. Ken wick. 

Mn. Edwaed 8. Eenwick:— I was asked to come here this 
evening to listen to an address by Mr. Hyde, and came and have 
heard it with great pleasure. The paper is so thorough and 
exhaustive that it is difficult for me to add anything on the sub¬ 
ject; but I may say a few words, and from my long experience, 
running back to the year 1850, and having been engaged prob¬ 
ably in a greater number of cases than any man who ever lived, 
it may possibly be of advantage to those who are now here. I 
may say from my own experience that the first requisite of an 
expert, in my opinion, is absolute honesty. He must be honest 
not only in stating his opinion, but it is his duty to be honest in 
answering whatever questions may be put to him as directly as 
possible, even when those ({uestions which are put to him may, 
in his view, militate against the side by which he is employed. 
You will find invariably that unless he does that, his own opinion 
becomes of less and less value the longer he continues in that 
course. There is no reason why he should not answer questions 
in a straightforward way, because if he does not answer them,, 
somebody else certainly will, apd if it is a fact that is important 
in the case it will infallibly come out, and the very fact that he 
has in any way avoided a proper answer will militate against the 
value of his opinion as to other facts. I recollect well a case in 
which I was employed with another expert; when a hypotheti¬ 
cal question was put to him, as to whether a certain hypothetical 
machine would or would not infringe the claim of the patent. 
He wished to avoid the question, and when the question was 
repeated to him in a number of ways, a number of differerent 
times, he avoided an answer. "When lunch time came I said to 
him, Why on earth didn’t you answer directly? It is plain 
enough.” Said he, ^‘Do you suppose they have got such a 
machine on the other side, and it is old?” I said, “What mat¬ 
ter does it make ? There is no question about the fact. You know 
as well as I do that such a machine would involve the patent and 
you may as well answer it directly. And,” I said, “aside from 
that, there is not one chance in a thousand that they have got 
such a machine as an anticipation.” So immediately after lunch, 
when the question was put to him in a different way, he answered 
it directly. Subsequently it turned out that no such old machine 
had existed. 
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There is another matter which I think is very important for 
an expert, and that is that he should thoroughly study his case. 
It is impossible for an expert to study his case too thoroughly; 
and unless he goes into the case with a thorough knowledge of 
every part of the speciiication, and how each part of it'may 
affect the construction which must be put upon the language of 
the claims, he is not really thoroughly competent to be examined 
as an expert in the case, i have known many experts in my time, 
and I have known a number who relied upon their quickness, as 
they thought, when they entered into the case, in learning every¬ 
thing that was necessary; and that they would know more than 
the lawyer on the opposite side, and perhaps more than the 
expert on the opposite side; and that they could go on with the 
case without a thorough study of it beforehand; and I have never 
known a case where such a man succeeded. He went on for a 
few years and then was dropped. 

There was one matter spoken of by Mr. Hyde upon which I 
do not exactly agree with him, and that is whether an expert 
who has been engaged by one party and who is unable to act for 
that party, can be employed for the opposite party. I think it 
highly improper that he should do so in that case. Another 
case may come up in which the circumstances are entirely differ¬ 
ent, and in which he might act; but in that case he certainly 
cannot act, and he cannot act in any case in which the grounds, 
the conditions, are exactly the same; because although''he may 
think to himself that he can keep a straight path between what 
is right and what is wrong, it is hardly possible in human nature 
to do so, and the better course is to refuse to act for the opposite 
party. 

There are some other questions on which I might perhaps say 
a word. As to the question of an expert being called by the 
court; however an expert may be employed by the court, or may 
become a member of a court, it would not be possible for him to 
thoroughly understand the ease, unless he had the views of the 
other experts on the subject. An expert usually does not, in 
one sense make the case, but he stirs up the case so that you are 
able to get at the truth, and the stirring up of the case is best 
done by having two discuss the matter on opposite sides. For 
more than twenty years I have had an opinion that an appellate 
court should be created at Washington for the purpose of trying 
appeals in patent cases, especially for the reason that now we 
have I think eight circuit courts without any appeal from them ; 
and we have cases already in which in the different circuits the 
courts have come to exactly different opinions. Before the 
present system, we did have in the Supreme Court a court of 
last appeal. We ought now to have an appellate court sitting 
at Washington for special appeals in patent cases; and in such a 
court, I have always contended that an expert should be a mem¬ 
ber of the court for the purpose of instructing the court 
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confidentially; for the court cannot possibly call on the ex¬ 
perts of either of the opposite sides for that purpose, be- 
because the expert on one side might be biased in one 
direction and the expert on the opposite side in the other; 
therefore I think if such an appellate court is created 
an expert should form a member of the court. In the State of 
New Jersey, in^which I live, we have courts composed in part 
of lawyers and in part of laymen. While the lawyers as a gen¬ 
eral rule overrule the laymen, there have been cases where the 
laymen overruled the lawyers. There have been cases where 
the laymen were right and the lawyers were wrong. It might 
be the same in patent cases. There is one other matter, and that 
is with reference to experts testifying on opposite sides. Two 
honest experts may in a patent case testify honestly directly op¬ 
posite to^ each other, the reason being this : that in every case 
the opinion of an expert is based upon his understanding of the 
invention. Now two persons having opposite characters of mind 
may form two different views of an invention, and may honestly 
do so ; and there is no reason under such circumstances why 
each expert may not be thoroughly honest and may not testify 
honestly. It is the duty of the court in that case to determine 
which particular view of the experts is-the pro])er one. 

As to an expert giving his own views of the law in a case, 
there is no doubt about the fact that it is the duty of an expert 
to express no such view unless he is called upon. I regret to 
say I have in some cases been called upon by lawyers to express 
a view on the law in a case, but it has been'a very rare circum¬ 
stance, and I never volunteered it in my life. 

Experts have been known to take without study the view of 
the patented invention formed by the counsel in' the ease. I 
have known some experts who were engaged by counsel for the 
reason that they were ready to take any view of the invention 
which the counsel thought expedient to win the case; and I 
have seen snch experts fail on cross-examination and get out of 
the business in a few years. I have had counsel ask for ray 
understanding of a case after I have studied it; and, when h'e 
found that it was unfavoral)le to his client, to say, ^’’the exigen¬ 
cies of this case require” a different view, which*I knew I could 
not conscientiously maintain. In such a case I have said that he 
must find some other expert, and have not been called upon io 
testify. Subsequently I have learned that the counsel found no 
difficulty in getting an expert who would testify as the counsel 
wished, without regard to any opinion that tlie expert might 
form upon a study of the case. Such experts must have had the 
happy faculty of believiug that the party on whose behalf fhev' 
were engaged was always right, a condition of mind that was 
impossible with me. 

Me. Oliffoed E. Duxx:—M r. Hyde has certainly given us a 
very interesting paper on the rights, duties and characteristics 
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of an expert. In view of the fact that he has had so much 
more experience at the bar than I have, I am somewhat back¬ 
ward in saying anything which would seem to be contrary to his 
expressed views, but there is one matter wdiich, it appears to me, 
he has not taken into consideration at all. The paper consists of 
practically two parts: first, a statement of the present condi¬ 
tions, and a concession that they should be better; and, second, 
the way of producing that betterment; and it seems to me the 
two tend to an idealization of the expert. Now let us see wiiat 
these present conditions are. Our procedure in a patent suit is 
to tirst file our pleadings, get those straight; then the complain¬ 
ant proceeds to take his testimony. ITegets his expert witnesse.s 
and they testify to the scientific facts, and their deductions from 
them; and then those facts are almost invariably contradicted 
by the expert witnesses on the other .side. The records arc 
printed and together with_the_ briefs of the opposing counsel arc 
submitted to one of the circuit court judges. Now who is this 
circuit court judge ? In nearly every case he is an able lawyer, 
but in nine eases out of ten, I think I can safely say, he is a man 
who has practically no scientific knowledge whatsoever, and this 
is so for very obvious reasons. Circuit court judges are chosen 
for their legal qualifications, not for their scientific, as the ])atont 
eases tried before them represent but a small portion of their 
work. 

Notwithstandiiig that, many of these cases involve (|uestions 
of the most intricate kind. One case which Mr. Hyde men¬ 
tioned, Tesla -u. Scott, involving three or four of the Tesla alter¬ 
nating-current motor patents, was decided by Judge McPhei-son, 
of Pennsylvania, a few_ months ago. Judge McPherson before 
hearing the case admitted that he was ignorant of what to us 
seems to be an elementary fact, that a current passing through 
a coil of wire surrounding’an iron bar makes the bar'a magnet. 
One of the most elementary principles of electricity ho know 
nothing of. Yet he was called upon to decide the ri’ght to the 
inventions shown in those patents. Is it any wonder that ho, 
in his opinion, quotes the complainant’s brief almost word for 
word, and then modestly says that he advances the opinion for 
what it might be worth? It seems to me that the remedy f(n- 
present conditions is not wholly within the scope of the ex'pcrt.s 
themselves. They are called upon to state their understanding 
of certain scientific facts and their deductions from them. As 
Mr, Hyde says, they present them in the most favorable light 
for their client. That is only too true, and is it reasonable to 
suppose that a layman can go to work and sift these disserta¬ 
tions, dealing with' the most abstruse questions, and find the real 
wheat and discard the chaff in every case ? I think it hardly 
likely. Mr. Hyde leads up to the statement, or the inferene’e 
which I drew from Ips paper is, that by experts increasing their 
honesty--! prefer to call it frankness-^their present unsatisfac- 
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tory standing will be bettered to a certain extent. There is a 
very obvious argument against that proposition, it seems to me. 
We will assume that the body of experts are raised to this ideal 
plane of perfect frankness; a suit is brought, and the defendant 
or the complainant comes to an expert and seeks to employ 
him. The expert looks into the case and finds some weak points. 
The employer must assume that when the expert goes-on the 
stand he will be perfectly frank and deal frankly with those 
individual points; and it is all right that he should do so ; but 
is it li uman nature that a litigant wlio has probably been forced 
into litigation, and, although he may have the wrong end of the 
ease, be bound to, carry it through—is it human nature that he 
is going to employ a man to help him lose his case by explaining 
its weak points It does not seem so to me. There are two 
ways, both of which have been already mentioned this evening, 
of getting around the difficulty. One is the method of having 
a court expert to oversee the transactions, and to confer with the 
judge, still having the experts employed by the litigants. The, 
other is the system which is now in use in Germany, but which 
I think less favorably of than the other one. Over there the 
litigants tile their pleadings substantially as they do here, except 
that they are much more full; details of infringement, and such 
things, are given. Three sets of questions concerning the matters 
at issue are then drawn up, one set by each attorney and another 
set by the court. These three sets of questions and the plead¬ 
ings are submitted to the two experts selected by the court, who 
have no knowledge as to who the parties are, and these experts 
render their opinion on the questions at issue. Then it seems 
that their opinions are in turn referred to another expert, also 
appointed by the court, and also ignorant of the particulars of 
the litigation ; who, in conjunction with the court, renders the 
final decision. And I have been told by an expert here in this 
city that a very curious i-esult has grown out of that. Some 
cases over there m-e of such wide notoriety that the expe ts 
when made acquainted with the facts could not help knowing 
who the litigants were. To prevent that they have sent those 
questions for decision to experts in foreign countries: and I 
understand ope expert iii this city has had some of those eases 
for final hearing before him. lie renders his opinion and sends 
it to the court. 

Me. Elias E. Hies :—There were several interesting ques¬ 
tions brought up and partially answered in the paper "of Mr. 
IIjde, and in the discussion following.' Inhere is, I believe,a 
better remedy which suggested itself to me, and one that might 
possibly overcome the difficulties that have been cited. Pre¬ 
sumably, of course, the object of expert testimony is to get at 
the truth, the exact truth, of the situation on the techniem side 
of the questions involved! That this object is not always at¬ 
tained is obvious from what has been said here to-night. It 
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stands to reason that there must be, assuming the entire honesty 
of the experts, numbers of instances where the expert can de¬ 
cide with equal facility and without any pricking of his con¬ 
science, on either side of the question at issue with equal truth. 
For example, we have had a case cited this evening involving* 
the difference between a rheostat and a heater ; that is to saj^ 
at what point a rheostat became a heater; and there are any 
number of questions of similar delicacy, differing only in mat¬ 
ters of degree and often to a very slight extent, which, under 
existing practice, are quite naturally dwelt upon and defined by 
experts in favor of the side which employs and pays them for 
their services. ISTow, in contradistinction to current practice, I 
believe it would be possible and quite feasible to provide a plan 
whereby each litigant shall have the right to nominate his own 
expert, that is to say, to select some expert whom he believes to 
be best qualified, by reason of his familiarity with the art, or of 
his special knowledge of the matter involved, to decide the 
questions in the ease which pertain to his particular patent, or 
who is familiar with the questions involved to a greater extent 
than some other expert might be. This much being accom¬ 
plished, have it arranged that the pay of those experts shall be jointly 
borne by both litigants, or charged to the costs of the suit; that is to 
say, let it be understood that the experts are not so much in the 
employ of the litigants themselves as in the employ of the court, 
since it is their purpose to so answer questions as' to bring out 
the truth. Then, if deemed desirable, let the court itseTf ap¬ 
point an expert, or rather let the two experts of the litigants 
appoint one, who will act as umpire. There would thus be a sort 
of board of arbitration of experts, two of whom nominally rep¬ 
resent the litigants in the case, and these two selecting a third, 
who will pass finally upon any undetermined or disputed ques¬ 
tion that may come np, and who wdll report to the court itself. 
In taat way, an expert, knowing that he is directly responsible 
to the^coiirt, will in nine cases out of ten seek to do justice; that 
^^*11 ^ 9 .ct in the interest of pure truth, and 

will have no motive in twisting or straining technical points in 
lavoi of one side or the other against his unbiased judgment. 
It seems to me that a plan of that sort would be advisable and 
conducive to quicker, more expeditious and more equitable 
lesults than are obtained by the present sj^stein of paid experts 
on both sides. ' i * i 

^ Mk. Wm. Mayer, Jr.: —We have all been much interested 
in healing Mr. Hyde’s paper and in my mind there is no doubt 
as to the lasting value of this paper. 

It may at first be thought that inasmuch as the number of 
electrical experts who now make a specialty of testifying before the 
com ts is comparativel y limited, therefore, the paper may not apply 
directly to a very large number of persons. It is also probable 
that the number of such specialists may gradually diminish 
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because of the dimmishiiig demand for their services; owing 
largely to the fact that in many cases the differences between the 
lions, and the lions and the lamb, whicli accrued to the benefit 
of the expert, do not now so frequently occur, the lion and the 
lamb having settled mat)y of their differences and now lying 
down together ; the lamb usually inside the lion. But, of course, 
there will always be a greater or less demand for the specialist, 
and to him the suggestions in JVlr. Hyde’s paper will be very 
welcome. Furthermore, it is very rarely that at some time in 
his experience the regular electrical engineer is not called upon 
to testify as an expert, and to him the points in Mr. Ilyde^s paper 
will be, I might say, invaluable. 

1 should like to say briefly something on the side of the expert 
with regard to some of the points mentioned in the paper. 

With reference to the bias of ratio of fees to services. It is, 
I think, doubtful if one expert in a dozen gives the question of 
his fee a moment’s consideration while he is studying the ques¬ 
tion at issue or while testifying. The natural expert is, so to 
speak, a soldier of fortune (not a mercenary ”), and his only 
thought while he is testifying is to protect and advance his 
client’s interests and also incidentally it may bo to enhance his 
own reputation. I do not fora moment imply that before and 
after his direct work in a case, the question of fees is neglected 
by the expert. I liave myself handed large fees, for services 
rendered, to some noted exi)erts, and the fees were received 
without visible signs of compunction. 

From personal observation I (piite agree with Mr. Hyde, that 
in the great majority of cases justice is done in a case, tinally. 

Mr. Hyde advises the expert to give categorical answers to 
questions so far as ])Ossi!)le, and thinks that an expert should answer 
each question by itself as it is presented, and not concern him¬ 
self with what he may have previously said in that or other 
cases. If the expert were sure that the opposing lawyer would 
not take advantage of apparent inconsistencies, he might disre¬ 
gard previous statements, but that is too much to expect, I fear. 

Mr. Hyde also appears to suggest that the export should vol¬ 
unteer information that may be prejudicial to his own side, and 
asks if it would be right to say that an engine worked, but omit 
to say that it would only run an incomplete revolution. This is 
a case where an expert would most likely give the categorical 
answer which lawyers seem so much, to desire. The next ques¬ 
tion would doubtless elicit tlie information as to the incom¬ 
plete turn of the engine (unless the opposing lawyer were very 
derelict), the facts would thereby be brought out, and the expert 
would avoid the charge of having volunteered the unfavorable 
testimony; if it was unfavorable. 

I recall an instance where an expert witness in a very impoi't- 
ant suit for infringement of a patent, while in the middle of liis 
testimony in the case, discovered a hitherto unnoticed action in 
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tli6 appariitus concornod in tli6 suit, which, he hclicvcd would 
upset the most important contentions of his side, should the said 
action become known to his opponents. Would it be said 
that this was a case where the expert should have shared his 
newly acquired knowledge* with his opponents, to the great 
injury of his owii^ side. Yet it might be assumed from Mr. 
Hyde’s remarks, if I do not misunderstand him, that strict 
honesty to the court would have required that the information 
should have been volunteered, regardless of the employer’s inter¬ 
ests. This is doubtless an instance where, as Mr. Hyde states, 

each expert must judge for himself.” 

The occurrence of eases like this, however, emphasizes the need 
of experts for the court, who would by reason of their impartial 
connection with the case be of great utility in bring-ing: out all 
the facts possible. 

I fully agree with the author of the paper in respect to the 
value of testimony based upon personal, practical knowledge or 
experiment. I recall another instance in the case of a suit for 
damages in which it was seen from the drift of the complainant’s 
case that the point would be made that if a copper wire of an 
arc-light circuit came in loose contact with the iron span wire of a 
trolley road and formed a ^^ground,” it.would be the copper wire, 
and not the iron wdre, that would melt owing to the lower melt- 
ing j)oint of the copper. On consideration it was seen that 
there were three reasons why the iron should be the first to 
separate. Namely, the higher electrical resistance, the lower 
heat conductivity of iron, and the fact that the iron wire 
was sustaining two trolley wdres, while the copper wire was 
hanging loosely from a pole on one side of the street to the 
lamp-post on the other. Before going on the witness stand the 
expert made tests which showed that under the conditions stated 
an iron wire would be the first to separate, and he was prepared 
to so state if the question as to actual knowledge had been put to 
him, but it was not necessary, the complainant’s expert witness, 
under cross-examination, admitting that theoretically the iron 
wire would first separate. 

I also quite agree with the author in his remarks concerning 
the ternptation to turn unwise questions of an opposing counsel 
into ridicule, and that it is much better not to yield to this temp¬ 
tation. And also, where an opposing lawyer asks a question 
hurtful to his own case, not to harp too much upon it. It is fair 
to assume, as Mr. Hyde points out, that the court will be quite 
as acute as the witness to observe the slip. Not very long ago a 
question of this nature was put to myself, and in my answer I 
emphasized the slip in addition to giving an answer to all that 
the question called for. My cross-examiner had been studiously 
courteous throughout, and 1 felt that my superfluous remark 
was a poor return. By consent that portion of my answer was 
stricken from the record and, although no remarks were ex- 
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changed oif the record, it was evident that the act was appreciated. 

In the discussion reference has been made to the length of 
time taken sometimes by experts to answer questions, and ten 
or more minutes was cited as an unnecessary time for delibera¬ 
tion upon a question. I have on more than one occasion taken 
longer time than that to deliberate on an answer, and if 
the same questions had been submitted to me outside of the case 
I should have taken several hours for consideration of them. 

The fact is that experts are frequently called into a ease, and 
are expected to testify on very short notice. Consequently, the 
time for the proper investigation of a complicated case is often 
very limited, and it therefore seems reasonable that a witness 
should be given time to consider his answer in all its bearings 
to a question that may have brought up an entirely new feature 
of the case. Furthermore, it is very likely that an expert fre¬ 
quently takes longer to frame his answer than to reach a 
conclusion as to the purport of his answer. 

There is a matter to which I would call attention, namely, the 
employment of an expert to consult with counsel while he is 
cross-examining the experts of the other side. It has seemed to 
me on reading over testimony that the advice of an expert 
at certain times would bring out evidence from the opposing 
expert which otherwise must be brought out on direct examina¬ 
tion by other experts. 

It seems to me also, from personal observation,, that the mat¬ 
ter of recording expert evidence that is sometimes followed in 
trial cases, as in damage suits, should receive the attention of 
lawyers. The editing of this evidence is usually left to the court 
stenographer, with the not uncommon result that so far as any 
real utility of the evidence to the appellate judges is concerned, 
it might as well not have been given. 

Mr. Hyde In response to Mr. Thompson and Mr. Eenwick, 
I regret that there should seem to be, as it appears, any ambi¬ 
guity in the last paragraph but one of my paper. I said that I 
looked forward to the time when the court vrould have its own 
expert as an adviser, and while then there may still be that 

conflict of evidence ’’ which is now so usual, it will do less 
harm, meaning, of course, that the court’s expert will guide the 
court between the views of the opposing experts. I thought 
that the wordsconflict of evidence” clearly implied the em¬ 
ployment of experts by the parties as now, and I certainly con¬ 
templated such'employment. If, as assented to by Mr. Eenwick, 
it would be a good 'thing for an appellate court to have its 
expert, it seems to me just as wise for the lower court to have 
one also. 

With regard to some of the views expressed by the other 
gentlemen, I desire to call their attention to the fact that it 
seems useless to try to defend the present system, and the man¬ 
ner of testifying frequently employed by experts under that 



376 


RYBB ON EXPERT EVIEENCE. 


[May 15, 


system. The courts and public attack the experts, with justice, 
and the remedy does not lie in a counter-attack on the judges, 
nor in a defense of the present system, but irf an effort to reform 
that system and the conduct of the experts themselves. Other 
papers could, of course, be written on the evils of the system, 
and on the qualifications of the judges, but the subjects Vould 
not be germane to that of the present paper. 


[The Executive Committee has authorized the incorporation 
in tliib discussion'Of the following communications received since 
adjournment by the author, and" which are printed in the order 
of their dates.] 


DISTRICT COURT OP THE UNITED STATES. 
Chambers of the Judge 


Mr. J. E. Hindo^t PIyde, 


Utica, N. Y., May 21, 1900. 

My Dear Sir I took pleasure in reading your paper on “Experts and 
Expert Evidence.” I agree in the main with what yoii say. Your suggestion 
as to a technical adviser for the judges is theoretically correct, but as a practi¬ 
cal proposition I deem the objectiotis almost insurmountable. Perhaps some 
practice analogous to the "Trinity Masters” in admiralty might be adopted 
Even m this country it frequently happens that admiralty judges, where a 
technical question of navigation is presented, invite some expert navivator to 
Sit with them during the trial. 

Considering the “expery question solely in relation to patent causes I think 
the principal difficulty is in ihe manner such causes are tried. If they wore 

iipon the evidence, it is safe to say 
that half the evidence now presented to the court would be excluded. 

But here, again, we are met by an almost insurmountable barrier. With the 
present judicial force it will be simply impossible to change the present system. 
In the meantime the members of the bar can do much to remedy the evil. Mv 
own experience is that m at least half the causes no e.xpert is necessary Their 
advice IS only needed in electrical and chemical cases and in cases involvin.^ 
intricate machines. Comparatively few of the causes pre.sented to the courts 
are upon such patents. Any judge competent to hear a patent cause ought to 
be able to understand the simple improvements covered by a large majority of 
patents. It would also tend to shorten the record if counsel would agree' not 
to call more than one expert on each side. I have in mind several cases where 
from four to five experts were called on a side, each one repeating in different 
anguage what was said by his predecessor and adding nothing whatever to t lie 
solution of the question presented. Perhaps a rule of the court limiting experts 
to one on each side, unless the court by a previous order permits a larger mmi- 
her to be called, would help in.this direction. fe 

question can be settled 

satisfaetorily for some time to come. I am confident that all intelligent discus 
Sion of the subject brings us nearer to the desired goal. ^ 

Thanking you for sending me the paper, I am 

Very truly yours, 


Alfred C. Coxb. 
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SUPREME COURT OP THE UNITED STATES, 


J. B. Hindon Hyde, Esq., 

120 Broadway, New York. 


Washington, May 29, 1900. 


Dear Sir :—I have to acknowledge receipt of your letter of May 19th, enclos¬ 
ing a copy of a paper upon expert evidence. 

My own experience leads me to believe that but little weight can he given to 
the mere statement of an expert, unless it be fortified by substantial reasons. 
In the majority of cases these reasons may be stated as well by counsel who are 
thoroughly informed of their case as by experts. Tn the trial of admiralty 
cases, in which I have had large experience, I never permitted experts to be 
sworn unless I requested it, but usually called upon two to sit with me upon the 
bench and give me their advice. These two I selected from men whom I knew 
to be acquainted with the subject, and their assistance was of great value, In 
patent cases experts are always sworn and are sometimes very useful, although 
I have always treated them as retained by the party producing them to make 
the best case they can for him. My own conviction is that it would be better 
for the court to select its own experts from whom an unbiased expression of 
•opinion could be had. I do not mean to accuse experts of being intentionally 
unfair, but few men can avoid a natural bias toward the party calling them. 
There is a difficulty in having professional experts who are known to the public 
generally, and who would be apt to be approached by parties interested ; but if 
the judge were permitted to select his own experts in each case 1 think their 
opinions might become of great value. 


Very truly yours 


U. B. Brown. 


UNITED STATES CIRCUIT COURT. 

Judge’s CHAMBEKf=i. 

New York City, July 27, 1900. 

My Dear Mr. Hyde :—I have received your note suggesting comment hy my¬ 
self on the proposed change m the practice, whereby an expert might be se¬ 
lected as a technical adviser to the court to whom the judges could refer in 
technical matters. Of course, if this were done, and it became correct practice 
for the judge to rely upon him, it is quite possible that our work would be 
easier, and may be the decisions more uniform, since the mental processes of 
the single expert would be largely substituted for those of the several judges. 
In view, however, of the contradictions-now found to exist between experts of 
the highest stiinding, I should think any great increase in accuracy would be 
problematical. However, if that be what the bar and the litigants would pre¬ 
fer, the proposed change is one to be favored, since they would be better satis¬ 
fied with results—at least such is, of course, the expectation although it is not 
impossible that the defeated party would find much to criticize in the expert’s 
recommendations. 

I do not understand whether it is proposed to select one expert, who will ad¬ 
vise as to dye-stuff compounds, steam engines, sewing machines and electricity, 
or whether one is to be selected for each case. Speaking from my own stand¬ 
point, I am sure my own work would be much easier and in many instances— 
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perhaps in most instances—my opinions would be more nearly right, if in every 
complicated case I could turn for expert advice upon the conflicting technical 
evidence to some one who was to be accepted as an authority— princeps — 
in the art. If, however, the selection of such technical adviser rested with my- 
» self, the additional responsibility thereby entailed would add a new terror to 
the hearing of patent causes. 

Upon the proposed suggestion, however, I stand entirely neutral; whatever 
will suit the bar will suit me; the personal equation is not to be considered. 

I remain, faithfully yours, 

E. Henry Lacombb. 


UNITED STATES CIRCUIT COURT. 
Judge’s Chambers. 


J. E. Hindon Hyde, Esq,, 


Cazenovia, N. Y., Aug. 1, lOno. 


Dear Mr. Hyde I have read with great interest and pleasure a copy of your 
admirable address on ‘‘Experts and Expert Evidence” which you have been 
kind enough to send to me. I am very decidedly favorable to the suggestion, 
made near its close, that the court should be permitted to have its own expert 
as a technical adviser, especially in the more complicated patent causes. The 
opinion of such an adviser upon the scope of claims and upon the question of 
infringements would be often of the greatest value. When experts are produced 
by the parties, the judges are not unlikely to regard their testimony merely as 
arguments under oath, where prepossessions and bias, or undue zeal, often gen¬ 
erate erroneous conclusions. Indeed, much of the expert testimony which 
judges are called upon to read is largely or wholly disregarded. The most con¬ 
scientious experts can, as lawyers generally do, convince themselves by their 
own arguments of the correctness of their positions. The conclusions of an ex¬ 
pert selected by the court, or concurrently by the parties, for his qualifications 
in the particular case, would command genuine confidence, would largely con¬ 
trol the decision of doubtful questions, and would relieve the court of great 
responsibility. I shall welcome the day when experts thus selected may ""sup- 
pleraent, if not supersede, the production of experts by the respective parties. 
Such an innovation would also be in the interests of economy and a speedier 
conduct of litigations. 

Very truly yours, 

Wm. J. Wallace. 


UNITED STATES DISTRICT COURT-DISTRICT OF NEW JERSEY. 

Judge’s Chambers. 

Newark, N. J.. Sept. 15, 1900. 

My Dear Mr. Hyde I have often felt the need of expert aid in the consider. 
atioD of patent suits, but those selected by the parties are generally able tO' 
make the subject sufficiently clear to enable the judge to form a judgment. 
Of course, in selecting an expert to “sit with him at the hearing.” the judge 
would choose one in whose ability he had the greatest confldenoe. 

I would be afraid that the judge would be apt to place so much reliance upon 
the conclusions of his expert that the judgment ordered would in many, it not 
most of the cases, be that of the expert and not of the court. 

Yours very truly. 


Amdrew Kirkpatrick. 
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The Chairman : — If there is no more discussion we will listen 
to the report of the tellers. 

Mr. Mailloux: —The tellers will make an informal statement 
inside of half an hour, and shortly after that a fall statement. 

[Recess for half an hour.] 

The Chairman: —The meeting will please come to order. 
We will hear from the Committee on Proxies, Mr. Mailloux, 
Chairman. 

Mr. Mailloux:— We have met and counted the proxies and 
find that a total of 184 proxies have been sent in, all of which 
are held by persons present, with the exception of about 27, 
which leaves 157 net proxies present, besides the persons actu¬ 
ally present. It was not possible to count the total number of 
persons present, but I presume there must have been 40 or 50, 
which would bring the total number of persons present and 
voting to nearly 200, that being a sufficient number for a legal 
quorum. 

The Secretary: —I move that the report be accepted. 

[Seconded and carried.] 

The Secretary —Mr. Chairman, I wish to present, in accord¬ 
ance with Article 8 of the Constitution, a written proposal for 
an amendment, presented by Mr. Kalph L. Montagu, of Montana. 

“ This Constitution may be .-imended by a two-thirds vote of the Members 
and Associates of the Institute : A copy of the proposed amendment is to be 
mailed to each Member and Associate, together with a blank ballot “ For” or 
“Against”. The blank ballot, after being filled in, to be returned to the Sec¬ 
retary or the Institute. 

“On the day appointed these ballots are to be counted, and if a two-thirds 
vote of the total members do not vote for the proposed amendment it shall be 
defeated, and it shall not be lawful to put the amendment before the members 
again until one year has elapsed, since the previous proposal.” 

Mr. Steinmetz:— I move to transfer this amendment to the 
Committee on change of Constitution, which was selected some 
time ago and is considering a revision of the Constitution. 

[Seconded and carried.] 

The Chairman: —We will now hear from the tellers of elec¬ 
tion, Mr. Wolcott. 


TELLERS’ REPORT. 


Annual Election May 15th, 1900. 

FOR PRESIDENT. . 

Total Number of Votes Cast.576. 


Carl Bering. 381 

M. I. Papin. 179 

C. P. Steinmetz. 7 


C. S. J3radley... 
L. B. Stillwell.. 
T. D. Lockwood 

.570 


1 


Total 
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FOR VICE-PRESIDEXTS. 

Total Number of Votes Cast. 1723 . 


O. S. Dunn.544 

A. V. Abbott.589 

W. L R. Emmet. 526 

P. A. C. Perrine. 12 

C. 0 . Mailloux... 11 

C. S. Bradley. 9 

D. C. Jackson. 6 

Herbert Lloyd. 6 

B. J. Arnold. 5 

J. J. Oarty . 5 

W. J. Hammer. 5 

Carl Bering. 5 

0 . L. Edgar. 4 

C. P. Steinmetz. 4 

M. T. Pupin. * 8 

C. W. Rice. * ‘" 3 

H.L. Webb .3 

F. B. Crocker. 2 

W. E. Groldsborough. 2 

F. A. Pickernell.;.. 2 

A. L, Rohrer. 2 

H. J. Ryan. 2 

F. Bedell. 1 

Total. 


Louis Bell. 

Charles Blizard . 
H S. Carhart. 

C. 0 . Chesney 

0 . T. Crosby. 

Charles R. Cross, 

Alex Dow. 

I. H. Parnham.. 
Charles Hewitt.. 


E. E. Higgins. 


J. P. Jackson ,.. 

F. W. Jones _ 

A. E Kennelly.. 
T. C. Martin ... 
Wm. Maver, Jr.. 
W. L. Puffer .., 
Samuel Sheldon 
L. B. Stillwell... 

C. A. Terry.. 

W, D. Weaver. . 
S. S. Wheeler.... 
J. O. White.. . 


W S. Barstow.553 

R. D. Mershon. .'!530 

Calvin W. Rice.534 

0 . T. Hutchinson . ..319 

J. J Carty. ‘*261 

T. Wolcott.19 

R. B. Owens.g 

William Stanley.* * ’ g 

B. J. Arnold. 4 

J. B, Blood.*.*.*..*.'.'.*.* 4 

Charles Cuttriss.*..***' 4 

E. J. Berg.' [" * g 

A. E, Kennelly... * ’ q 

T. C. Martin O 

F. A. C. Perrine.[** 3 

H. F, Albright.* ’ *' 2 

F. W-Darlington. 2 

William J. Hammer. 2 

H- C. Jackson. ' o 

H. W. Leonard.* " * 2 

'C. P. Mattthews. ’ 2 

William Maver, Jr.. . o 

A. L. Riker..*. *.* i * 2 

A. H. Armstrong.. 1 

W. S. Andrews.* ’ * 1 

Total.. 


FOR MANAGERS. 

Total Number of Votes Oast. 2294 . 


J. I. Ayer. 

F. B. Badt. 

J. B. Cahoon . 

H. B. Coho. 

C. D. Crandall. 

Alex Dow. 

J. J. Flather.. 

W. B. Goldsborough 

W. S. Hadaway. 

C. D. Haskins. 

F. V. Henshaw . . 

Carl Bering.. 

J. W. Howell. 

W. J. Jenks. 

P. M, Lincoln. 

R. T, Lozier. 

S. G. McMeen. 

F. S, Pearson.. .. 

C. W. Pike . 

A. E Merrill. 

Thorburn Reid. 

Jos. Wetzler 

J. G. White..V.y. 

A. J. Wurts. 


FOR SECRETARY. 

Total Number of Votes Cast... 576 

.I 

. ^ I Thorburn Reid_ 

. 576 

FOR TREASURER, 

Total Number of Votes Cast. 57g 

George A. Hamilton.573 j 
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The total number of voting envelopes handed to the tellers by the Secretary 
was 666. Of these there were rejected 51, as follows: Unidentified 24, dupli¬ 
cates 25, one vote by proxy (ruled out by Chairman), and one vote of a member 
whose resignation had already taken effect. In the case of duplicates the one 
bearing earlier date was rejected according to the established custom of the 
Institute. This left 615 envelopes to be opened. After opening these, 32 bal¬ 
lots were found to be loose and unenclosed in any inner envelope, and in seven 
more the inner envelope was signed by the voter. These 39 were also rejected 
according to the established custom of the Institute, leaving 576 ballots to be 
counted. 

Respectfully submitted, 

TOWNSEND WOLCOTT, 
SAMUEL REBBR, 

Tellers. 

On motion, duly seconded, a vote of thanks was given to the 
tellers for their laborious task in counting the ballots. 

[Adjourned.] 


DIED. . 

Hudson ;—At Beverly Farms, Mass., October 1, 1900, John E. Hudson, Presi¬ 
dent of the American Bell Telephone Company. Mr. Hudson was 
stricken by heart disease'at the railway station, where accompanied by 
his wife he was awaiting a train for Boston. Mr. Hudson was born in 
Lynn, Mass., August 3, 1839. He graduated from Harvard in 1862, 
remaining a tutor of Greek for a year, and after completing his course 
in the Law School began practice in Boston. After being retained as 
General Counsel in 1880, he was elected Vice-President of the American 
Bell Telephone Company in 1887, and two years later became President. 
He was elected an Associate Member of the American Institute of 
Electrical Engineers, December 20, 1893. 



AMERICAN INSTITUTE OF ELECTRK^AL 
ENGINEERS. 

Seventeenth Genkeai. Meetin(e 

Philadelphia, May U), 17 and IS, 1900. 

The opening nesBion of the Seventeenth General Meeting wan 
called to order in the Drexel Institute, on Wednesday Ma}^ 10>, at 
2 p. M., by Past-President Kennelly. 

Past-President Kennei.lv: —Tlie meeting will ])leaBe come 
to order. The Secretary has an announcement to make. 

The Secretary:— Most of the members present ari^ aware 
that the counting of tlie ballots for the annual election took 
place last evening at New York. The number of ballots cast 
was unusually large, amounting to over 600. I have this mem¬ 
orandum from the tellers of the vote for Presidemt: 

New York, May 15, 1000. 

The result of tlio ballot for President of the Ani(‘riean Institute of Eleet.rical 


Enixineers is as follows . 

Carl liering..J181 

M. T. Piipin,.170 


Mr. Ilering received the largest number of votes and is elected. 

Signed ^ Townsend Wolcott and Samuel Heher, TellevH , 
I)r. Kennelly: —Gentlemen, we have just heard that Mr. 
Hering has been elected President of the Institute by a majority 
of more than 200, and 1 think we may congratulate ourselves, aw 
well as congratulate Mr. Hering upon this important announce¬ 
ment. I can only say I am delighted to resign in Mr, Hering’w 
favor and it gives me very great pleasure indeed to apiioint a 
committee to escort Mr. Hering to the Presidential (diair. The 
committee will be Mr. Hammer and Professor Houston. 

Mr. Hering, on being escorted to the chair, spoke as follows: 
Gentlemen, I am very grateful to you for tlie honor yon have 
conferred upon me and I hope that the oflBcials whicli you have 
just elected will be able to conduct the affairs of the Institute to 
your satisfaction for the next year. 
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The meeting will now please come to order. The first thing 
on the programme will bean address by Dr. McAllister, President 
01 the Drexel Institute, wliose hospitality we are now enjoying. 
I take pleasure in introducing to yon Dr. McAllister of the 
Drexel Institute. 

Dr. AIcAllister spoke as follows: 

Mr. President, and gentlemen of the Ameeican Institute of 
Dlecteical Enginbees: I am very glad indeed, as President of the 
Dre.xel Institute, on behalf of the Board of Trustees to welcome 
you here to this meeting. I feel it to he a great honor as well 
as a privilege to have you with us. It is not worth my while to 
tell you the place which is occupied in our time by the profession 
ot electrical engineering. I am in the habit of telling the stu¬ 
dents here that at the present hour there are two great leading 
professions. Those of us who were educated a generation ago or 
more, lived in a tiine when that' profession hardly existed, 
ihere were the old-fashioned clerical, medical and legal pro¬ 
fessions, and that was about all. nowadays the young man who 
has got the stuff in hinp and the ambition, usually turns in other 
diieetions, and to my mind the two great professions to-day are 
the engineering profession and the architectural profession 
Any one in my position knows it to be a fact—I used to talk 
wi my filend General M^alker about this—that the best young 
men to-day are pushing into these professions. There are'many 
reasons for this, which of course occur to us all. Of all th'e 
engineering^ professions the electrical profession I think is the 
one winch interests the mass of the people more, because it is 
one that is among the newest and most interesting and most 
marvellous applications of science to the arts of life, and has come 
to play a most important part in the civilisation of the present, 
and wm still more m the civilization of the future. We are 
very glad to have you here and I merely want to say to you that 
you are welcome to everything that we have. We would have 
liked to make some provision for your social enioynient, but I 
understand through Professor Eowland, on behaif’of the Com¬ 
mittee of Arrang^ents, that your time will be wholly occupied 
in that regard. We have however, with the consent of the local 
committee arranged a complimentary organ recital for the mem- 

and the ladies, on Friday afternoon at 3 
o clock, the programme of which will be distributed 

1 presume most of you know very little about this institution 

Son apt to get a false impres- 

fn ^ that we think it is a fit place for 

of this kind to meet. It is an institution devoted 
to artistic, scientific and technical training, and is seekino- in 
various new lines to work out the educational problem in*^tho 
application of art and science to living. We have^a very modern 
electrical engineering, different from the larger institu¬ 
tions, in some other cities, but where with a fair amount of sci-. 
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entific training and teelinical training there is a larger provision 
for practical work in the shop; and if yon will take the tronble 
to go behind the screen—this external part of tlie institution— 
you will find the libraries and worksliops I think well equipped 
for the purpose. For that reason we are glad to have yon here. 
1 trust you will not regard the presence of the students who 
choose to come liere as any intrusion. 

This is all I can say, to again repeat the cordial w^elcome of 
the Board of Trustees and of the Faculty of the JDrexel Insti¬ 
tute. We trust that you will enjoy your stay in Philadelphia. 
We are famous—well, for a good many things, but we are 
famous any way for our hosphality; we can take pleasure in 
that; we are very proud of that, and I think you will find your¬ 
selves as cordially welcomed here as you ever have been in any 
other city in which you have had the pleasure to meet. I beg 
again to give you-a cordial welcome. 

The President: —The Secretary has an ^Announcement to 
make. 

The Secretary:—You will find on the platform a bundle of 
notices giving a bulletin from the Franklin Institute, wdiich in¬ 
cludes a programme of the stated meeting of the Institute this 
evening, May IH, at S o’clock, to which we have been invited. 

The following programme has been arranged: ‘‘Kecent Im¬ 
provements in the Manufacture of Liquid Air; the separation of 
air into its constituent parts, and the industrial use of oxyger), 
nitrogen^ and carbon dioxide,” by Professor Paoul Pictet ^and 
Moiiz Burger. 

The President :—In the absence of the Mayor of Philadel¬ 
phia, who w'as to address us, we will proceed directly with tlie 
reading of the papers. The first paper on the programme is on 
‘^A ISTew Transmission Dynamometer,” by Prof. W. Elw^ell 
Goldsborough of Purdue University, who is already so well 
knowm to us through his work that lie needs no further intro¬ 
duction. 



A pa^er read at the 17th General Meeting of the 
A merican Institute of Jdlectrical EngineerSy 
Philadelphitty Map i6y jgoOy President Hering 
in the Chair, 


A NEW TEANSMISSION DYNAMOMETEE. 

BY W. ELWEI.L 60LDSB0R0UGH. 

The dynamometer described in this paper is the outcome of a 
series of attempts to devise an instrument for the measurement 
of mechanical power comparable with electrical instruments as 
regards simplicity of design, ease of calibration, permanency of 
adjustment and the accuracy of the readings obtained. The 
dynamometer cannot be said to embody any radically new ideas. 
The principles upon which its success depends have been used 
in several other instruments; there is presented here simply a 
new adaptation of these principles. The instrument has been 
jointly developed by my asdstant, Mr. E. T. Mug and myself. 

The dynamometer, as shown in Figs, i and 2, is designed 
especially for testing electric motors of from five to 25 horse 
power capacity, and can only be used by directly connecting it 
between the driving element, the motor to be tested and the 
driven element, a dynamo, adjusted to absorb the power devel¬ 
oped. It consists of a shaft, shown in Fig. 3, which is made in 
two parts. These are kept in line by having a portion of the 
left hand section turned down to exactly fit a concentric hole 
bored in the right hand section of the shaft. The joint presents 
a sufficient bearing surface to enable the instrument to stand 
quite severe lateral strains, although it is not sufficient to admit 
of the dynamometer being used to transmit power through the 
medium of belt-driven and driving pulleys attached to the outer 
ends of the shaft. For the dynamometer to be available, for 
this class of work, the two sections of the shaft should be made 
in the form of quills to fit a second shaft extending completely 
through both sections. 

Each section of the shaft is provided with a spiral grip- 
thread, turned to fit a spiral spring of f" pitch. These threads 
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are shown in the lower half of Fig. 3. The sections are also 
fitted with jaw collars, shown in the upper half of Fig. 3, that 
are turned to the same pitch. They have their spiral jaw sur¬ 
faces cut to overhang the shaft, and make an angle of 45"^ with 
the shaft surface. The jaw collars, when forced into position 
by the lock nuts, with the aid of a spanner wrench, hold the 
end turns of the springs very securely, preventing them not 
only from slipping around the grip-thread, but also from spring¬ 
ing out when the direction of rotation is such as to tend to un¬ 
wind the spring. 

All the spirals used with the dynamometer must have a pitch 
of f inch, and bo wound to snugly fit a shaft 2|-|- inches in 



Fig. 1. 

diameter. The jaw will securely hold springs from .2 inch to 
.6 inch in diameter, but necessarily the larger springs give a 
more stable adjustment and add stiffness to the instrument, con¬ 
sidered as a transmitting device. Within the capacities of the 
springs, therefore, comparing them relatively to one another, the 
conditions for accurate work are more favorable with the larger 
springs. All the experimental work referred to here, however, 
was carried out with a spring made of standard No. 5 steel wire, 
which is slightly over .2 inch in diameter. 

On the free sections of the shaft, shown between the hexag¬ 
onal sections and the oil grooves, are mounted two instantaneous 
contact wlieels, insulated from the shaft by hard fibre bushin^^s. 
Each of these wheels, which are shown in Figs. 1 and carries 
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at its rim a contact edge made of sheet brass and set parallel to 
the shaft in a hard fibre plug, driven into an inverted V groove, 
and turned down flush with the surface of the wheel. The con¬ 
tact points are grounded on the shaft, and are therefore in elec¬ 
trical connection with one another, although insulated from the 
contact wheels. Two brush holders mounted on the dynamo¬ 
meter bearings, and carrying 90*^ graduated scales, supply the 
brush supports and coniplete the contact devices; they provide 
for the possibility of obtaining readings when the angular deflec¬ 
tion of one wheel rim contact point is 180^ from the other. 
The brushes are carried on insulated brush rods and are eon- 



Fig. 2. 

nected with one another through several primary cells and a 
telephone receiver, all in series. This adjustment supplies the 
means of detecting when the brushes are so placed that the con¬ 
tact points on the wheels pass under them at the same instant, 
since at such times a click ” is heard in the telephone at each 
revolution of tlie dynamometer shaft. 

The description thus far given indicates with sufficient clear¬ 
ness the method of using the dynamometer and of obtaining 
instantaneous readings uf the torque exerted by the driving ele¬ 
ment at any time. When, in the case illustrated, the motor is 
started up, the angular deflection between the contact points i.s 
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increased abov^e its initial value until the resistance to flexure 
offered by the spring overcomes the frictional resistance of the 
generator, and motion is imparted to its armature. If, by speed¬ 
ing up the motor or loading down the generator, conditions are 
varied so as to increase the resistance to motion between the two 
machines, there will be a still further deflection of the spring 
until the balance is restored between the forces acting. The 
variation in the angular deflection is quickly and easily followed 
by shifting the contact brushes until the click ” occurs in the 
telephone. In case theclick ” is not sutiiciently pronounced, 
a condenser, shown in Fig. 2, is connected in parallel with the 
telephone receiver, and its capacity adjusted until the “click” 
is sharp and clear cut. If ordinary conditions of constant load 
are maintained, such as are usual in any laboratory test, the 
click” in the receiver will be kept up at a constant frequency, 



and the relative motion between the contact points will be zero, 
as shown by repeated trials, even when the smallest spring is 
used; and when a suitable tachometer is at hand, ideal condi¬ 
tions are presented for making instantaneous determinations of 
the power transmitted. 

In testing a given motor, the best results have been obtained 
by using a spring which will give a deflection of 180° when the 
motor is fully loaded. The brush setting admits of an accuracy 
within .2 of one degree, and thus the determination of the full 
load torque can be obtained within one-tenth of one per cent. 
This compares favorably with the results obtained with the 
usual laboratory electrical instruments. 

The method used, in calibrating the dynamometer is illus¬ 
trated in Fig. 2.. It is rapidly and easily effected with the aid 
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of tlie two long wrenches shown in the cut. These are adjusted 
on the hexagonal sections of the shaft, one being used as a scale 
arm and the other as a lever. For any given point the lever is 
drawn over till the scale arm shows a tendency to raise from 
its horizontal position ; the brushes are then placed on the con¬ 
tact points and adjusted till a clear “click” is obtained in the 
receiver on making and breaking the battery circuit; and a 
]-ecord is made of the scale arm moment and the deflection scale 
reading. The calibration curve of the dynamometer fitted with 



the lightest spring is shown in Fig. 4, and repeated tests before 
and after use fail to show any change in its calibration con¬ 
stants. 

As an evidence of the ease with which accurate results can be 
obtained, I give here the results of a test made upon a three- 
phase induction motor conjointly with Mr.^ Mug, and two 
seniors in electrical engineering at Purdue University, Messrs. 
A. F. Chamberlain and C. E. Dooley, to determine the charac¬ 
teristics of the motor. The results may be the more interesting 
in view of the fact that the test embodied a very simple method 
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for obtaining the mechanical torque developed by the motor at 
any speed. 

The electrical readings were obtained by connecting an amme¬ 
ter and the current coil of a wattmeter in each circuit, and a 
voltmeter and the voltage coil of a wattmeter between each 
terminal of the motor and the neutral point of the three star 
connected transformers feeding the motor. The voltage was 



Fig. 5. —Speed Characteristics of Three-phase Induction Motor, 

kept constant at 53.7 volts between the motor terminals. The 
speed was determined by belting a calibrated magneto-generator 
to the motor shaft and reading the voltage developed at its 
brush terminals; and the torque from the dynamometer. Every 
factor entering into the test could, therefore, be obtained simul¬ 
taneously and very accurately. 

The motor was started up from rest and held at a low speed 
by the generator. The generator was connected with its two 
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shunt field coils in parallel, instead of in series, across its 
brushes. With this connection it acted as a short-circuited 
series direct-current dynanao. To add stability to the adjust¬ 
ment, the series coil of the dynamo was separately excited with 
a small current. The speed of the motor increased till the 
counter torque developed by the generator equalled the torque 
of the induction motor. The speed then assumed a perfectly 



Fig. 6.’ —Torque Churacteriscics of Three-phase Induction Motor. 


constant value, and readings were obtained from all the instru¬ 
ments. Next, a resistance was connected in the armature circuit 
in series with the shunt winding; the induction motor increased 
its speed until the counter torque of the generator again equalled 
the torque of the motor; the speed again became perfectly con¬ 
stant, and readings were taken. The speed stability of this 
arrangement is owing to the fact that the torque of the direct 




294 


QOLDSBOROUOH ON A 


[May 16, 


current machine increased very nearly as the square of its 
armature speed, and therefore very much faster than the torque 
of the induction motor. Using this adjustment, the speed and 
torque of an induction motor can be held at all common values 
at will. 

I hope I may be pardoned for dwelling upon these experh 



mental details, but I do not now recall having ever seen a descrip¬ 
tion in print of a simple and successful method of obtaining the 
torque of an induction motor for speeds below the speed of 
maximum torque. 

The curves of Figs. 5, 6 and 7 show the experimental values 
of all the characteristics of the ihotor below as well as above 
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the point of maximum power, and bring out the relations that 
hold between the several factors at the very low speeds. The 
curve designated ‘‘electrical” torque represents the torque that 
the machine would develop with the given input if it had an 
efficiency of one hundred per cent, at all loads. 

The curves are chiefly valuable in showing the accuracy with 
which torque readings can be obtained. The curve of “horse 
power output” of Fig. 5 depends directly upon the product of the 
instantaneous speed and dynamometer readings, and is very 
accurately deflned by the plotted points. In tests upon motors 
of larger capacity the dynamometer is even more satisfactory 
from the experimenter’s standpoint; not because its accuracy is 
necessarily greater, but because of the more rigid coupling be¬ 
tween the machines. There is nothing about the dynamometer 
to get out of order, the bearing friction is very small and prac- 
cally eliminated in the calibrating; the springs are cheap and, 
easily adjusted. 

A spring can be taken out and another substituted for it in 
about flve minutes, and the dynamometer can be calibrated in 
flve minutes; but best of all, perhaps, it can be put in the hands 
of inexperienced experimenters, after having once been adjusted, 
and be used by them with success, as there is nothing to get out 
of order. 

When the load on the dynamometer is subject to rapid varia¬ 
tions, the clutch, shown at the center of the shaft in Fig. 3, 
should be moved over to the right. It will then lock with the 
jaw on the right hand section of the shaft in case the deflection 
exceeds 90^ and prevent the possibility of the spring being over¬ 
strained. 

Lafayette, Ind., 

April 30th, 1900. 
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Discussion. 

The President: —The diflScultj in such transmission dynamom¬ 
eters, has usually been to obtain a stationary indicator of the 
deflection of a rapidly revolving spring, and this seems to have 
been overcome in the present arrangement by a very ingenious 
device. The paper is open for discussion. 

Me. C, 0. Mailloux : — I consider this a very ingenious, effec¬ 
tive and practical device. Those who have had experience with 
transmission dynamometers know that there is very little to be 
said to commend the very best of tliem. The most satisfactory 
ones that I know of are the so-called Emerson type, in which the 
motion is transmitted through an epicyclical gear train where the 
torsional moment produces a lifting moment, which is used as the 
measure of the power transmitted. This machine, which was 
at one time very largely used, is however open to many objec¬ 
tions, not the least of v^^hich is friction—the uncertain amount of 
friction which it has within itself. A later form of transmission 
dynamometer which is more satisfactory, and with which I per¬ 
sonally have had some practical experience, is the YanWinkle 
dynamometer. It resembles the present dynamometer in the 
fact that it also measures a moment of torsion, by means of 
sjwings. It likewise gives an indication by the relative motion 
of two disks, which are held together by two coiled springs, the 
springs being arranged somewhat as in the so-called “Eaffard ” 
coupling similar to that which is used on the shaft of the Wes- 
tinghouse Kodak” dynamos. Again, however, there are diflB- 
culties, one of them being centrifugal action, which tends to 
throw out the springs bodily, and which causes an error in its 
reading by introducing additional force, namely, that of centrifu¬ 
gal action in addition to the strain due to the moment of torsion. 
In the present ease the author has apparently avoided this diffi¬ 
culty by placing the spring on the shaft itself where it is no lon¬ 
ger subjected to any centrifugal action ; and he has also elimina¬ 
ted, so far as one can see, all of the losses and errors due to fric¬ 
tion. The only thing which it seems to me the device still lacks 
is a means of giving a visual indication of the torsional moment; 
that is to say, one which would read on a scale, or one for reading 
which you do not have to make adjustments. The instrument in 
the present form will only give an indication for each paificular 
moment, just the same as when one measures a resistance with a 
Wheatstone bridge set, where one has to balance for the partic¬ 
ular value. In this case the usefulness of the apparatus is some¬ 
what impaired by that fact, because, with fluctuating loads, or 
with loads which do not remain at a constantly steady value, 
there must he a tendency to lose the telephone tick ; that is to say 
the torque either exceeds or falls below an amount which corres¬ 
ponds to the position of contact which gives the click on the tele¬ 
phone. Either there must be something like a dash-pot, to make 
the instrument lest sensitive, and thereby impair its usefulness as 
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an instrument of precision, or else there must be means of quick 
adjustment, so that, when the torque varies one can still find and. 
follow quickly the clicking spot, which is the thing by means of 
which die angle of displacement in the two disks is measured. It 
seems to me that some system of epicyclical gearing could be de¬ 
vised and attached to the outfit that would enable one to get a 
deflection indication. In the VanWinkle dynamometer a device 
of this kind is used, which is somewhat complicated, but it is pre¬ 
ferable to the present method in so far as it enables one to take 
a large number of readings in a short time, and this is particularly 
desirable in the case of fluctuating loads. I should say that where 
the fluctuations are at all important and large, one would have 
considerable diflBculty in getting satisfactory results with a ma¬ 
chine of this kind. You might catch it at some points, but it 
seems to me that one wmnld not be able to get readily the mea¬ 
sure of the fluctuation, for w^hich we must get the extremes, 
whereby we may get a correct idea of the range of variation ; 
which is something that one often wants to know in making 
dynamometric tests. 

I would like to know whether the author noticed any pheno¬ 
mena in the springs akin to hysteresis. I have sometimes ob¬ 
served that springs do not come back at once to their original 
form when the tension is released; they seem to experience a 
kind of hysteresis effect. They eventually get back but it may 
require considerable time. Of course the nearer the elastic limit 
is reached the worse that effect would be. Still I think it is no¬ 
ticeable in certain cases even when the strains applied to the 
spring are much below the elastic limit. 

I would also like information regarding the range within which 
a particular outfit can be used ; that is to say, how-many springs 
would one require in a dynamometric outfit which was intended 
to cover a range of from one to forty or fifty horse power. With 
the Yan Winkle dynamometer it is found necessary to transmit 
the power at different speeds in order to increase the range. The 
instrument is not applicable to many cases for which this one is 
applicable, for that very reason. In this ease since vm can couple 
the driving and the driven machines together it seems to me 
there might be a very wdde range of power under great variation 
of speed. 

Peof. Goldsbokougii: —As Mr. Mailloux’s remarks have been 
directed especially to me, I think I can say, as far as the matter 
of the dash-pot, for instance, is concerned, that in using the in¬ 
strument we have found very little difflculty, indeed, from vibra¬ 
tion. 

I have also used a very successful dynamometer brought out by 
Professor Flather in Avhich the amount of torque is measured by 
a series of pistons. These pistons operate in little cups or cylin¬ 
ders which are arranged on the rim of a wheel. For instance, if 
this represents one of the spokes of the wheel (making diagram 
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on the board) there would be a little cylinder attached here on^ a 
pin projecting out in this direction which the piston would fit, 
and transmit a pressure through suitable eonnecting means out to 
a gauge at the end of the shaft. This is a very good form of 
dynamometer. It is one that can be very successfully used in 
making tests on all sorts of machine tools, in connection with 
lathes, etc., where there are rapidly fluctuating loads, and it gives 
a perfect record where a proper speed counter is used, and where 
a recording drum is used for recording the torque. It enables 
one also to determine at any moment the torque which is devel¬ 
oped. These instruments are usually of the belted type and have 
relatively quite a wdde range of usefulness. 

As far as I know our instrument is most accurate for measur¬ 
ing power and determining torque. The Van Winkle 
instrument I personally do not like, for the same reason that 
I object to the Flather dynamometer, in view of the fact that 
they are somewhat complicated. In getting out our instrument 
I wanted particularly, if I could, to devise a dynamometer 
which could be used at all times by the students without 
any danger of its getting out of order, and without their having 
to spend most of their time on the dynamometer instead of on 
the electrical apparatus. In cases where we have used a Prony 
brake, or other type of dynamometer, we have usually had more 
trouble with the dynamometer than wdth all the rest of the ap¬ 
paratus put together. In using the dynamometer which is dis¬ 
cussed in the paper there is no trouble at all experienced in hand¬ 
ling the instrument. The objection which has been raised, that 
it is impossible to get a reading of the instantaneous torque devel¬ 
oped by the machine without tirst setting the brushes, is, I think 
a more or less* pertinent criticism I have made drawings for 
a machine of the same type in which a resistance wire will be- 
used: by having two collector rings arranged and a contact 
point pressing on the resistance wire, and then having a storage 
cell acting on a circuit through the wire and a Weston milli-volt- 
meter the variations in the angle of torque will be determined., 
In other words, when there is no torque there will be none of the 
resistance wire in the circuit, and consequently a minimum read¬ 
ing of the voltage by the milli-volt meter. As the twist takes 
place in the shaft, the relative position of the two wheels is 
changed, and more and more resistance is introduced into the cir¬ 
cuit. This necessarily cuts down the current and reduces the 
voltage reading on the milli-voltmeter. This arrangement, I 
think, can be successfully carried out to give at all times definite 
readings of torque, when the instrument has once been 
calibrated. On the other hand it introduces an additional 
adjustment in the apparatus itself and makes it just so much 
more complex; just so much more easily put out of order. 

We have found it very easy, indeed, to get settings with the 
two contact brushes. We have found that by putting three Edi- 
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son-Lelande cells on the circuit and using a condenser of about 
one microfarad, in parallel with a telephone, the setting can be' 
made very quickly. For instance, in running up the back of the 
induction motor torque curve, before the method of using the 
series genei’ator was devised, an attempt was made to use a separ¬ 
ately excited shunt-wound machine. A shunt-machine works all 
right until you get to a certain point on the curve, but after that 
it is impossible for you to hold the speed of the induction motor 
constant at any one point. For instance, in the case of the in¬ 
duction machine discussed, the speed-torque curve is, of course, 
that shown in Fig. 5 (illustrating.) Now the torque curve of the 
separately excited shunt generator is a straight line for any given 
resistance in its armature circuit. This arrangement holds the 
speed at constant values as long as the straight line speed-torque 
curves of the shunt generator cross the speed-torque curve of the 
induction motor at an abrupt angle. When, however, the speed- 
torque curve of the shunt generator becomes nearly parallel to 
that of the induction motor, owing to the reduction of the resist¬ 
ance in the shunt generator circuit, a condition of instability^ of 
speed is reached and both the speed and the torque of the induction 
motor will continuously rise. liowever, as the speed rises slowly, 
we liave been able to follow up the torque reading—the man who 
reads the dynamometer calls oft* and the men reading the electrical 
instruments make their records at the same time. In this way we 
can work quite rapidly and get points right up the back of the speed- 
torque curve. If there were much difficulty in getting the set¬ 
ting with the dynamometer it would not be possible to follow 
along the curve. If you wish to have a great deal of stability in 
the instrument it is not necessary to use a dash-pot; it is only 
necesKsary to put in a heavier spring, and by using a stift* spring 
you can make the adjustment as stable as you wish. Of course^ 
the liner the spring for any given power, the more difficulty you 
will have in getting your settings, because the angles through 
which the torsion takes place, as the load is changed, are very 
much greater. 

In regard to the matter of hysteresis in connection with the 
spring, 1 have not made any determination whatever. The only 
determinations that we have made are these. Early in the after¬ 
noon, for instance, when an experiment is conducted which in¬ 
cludes the use of the dynamometer, it is calibrated. The tests 
are then performed and immediately afterwards a second cali¬ 
bration is taken. The two dynamometer calibration curves 
when plotted fall absolutely^ on top of one another.^ "When 
we calibrate a voltmeter just before and just after an experiment, or 
a wattmeter or an ammeter, we frequently find slight differences. 
The points in the twm calibrations may^ scatter a little, or not fall 
exactly on one another. In the ease of these springs we have 
found that they^ fall exacUy in line; and so, in view of the fact 
that the error of the dynamometer must be inside of the error of 
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tlie electrical instruments, we liave not tliought it necessary to pay 
any special attention to hysteresis. 

In regard to the number of springs; onr instrument has a range 
lip to 25 H. p. and for that range we have five springs, the smal¬ 
lest of which is two-tenths of an inch in diameter and the largest 
is about seven-tenths of an inch in diameter. With these springs 
we have a range which covers all machines from two h. p. up to 
25 H. p. A very good efficienc'y curve can be obtained with an 
angle of only 90^ total deflection at full load. You can then go 
from zero to full load and get very exact readings. If you put 
lighter springs in, necessarily your results are more accurate be¬ 
cause yon get a finer adjustment in the scale. I would say, though, 
for an instrument of this size you need at least five springs. If I 
were going to build another instrument, for larger powers, I would 
make it for use between 25 and 100 n. p. 

I have found that this dynamometer method can be used by 
putting two machines in line and simply connecting a spring to 
the shafts of the machines, thereby removing the necessity of 
having an extra piece of apparatus. For instance, we have two 
railway motors in the laboratory ; they are lined up and a spring 
connects the two shafts. The spring in this case acts both as a 
flexible connection between the machines and also as a dynamom¬ 
eter. A spring costs only about 60 cents, so that the spring is 
the smallest item of expense. 

Peof. a. J. Rowland: —There is just one thing that occurred to 
me in connection with Prof. Goldsborough’s paper, a point in de¬ 
sign which makes the dynamometer especially commendable. It 
is'^not particularly with reference to the dynamometer either, but 
in connection with the means of recording the results. I refer to 
the use of a contact-maker. Anybody who has done anything 
with contact-makers knows how elusive they are; how small, 
trifling things, that are so subordinate that, though they seem as 
if they could count for nothing, throw one’s results all out. Now 
in this ease we do not look for silence as usual in such devices, 
but just the reverse. It is easy enough to get a contact-maker to 
operate so you can hear a tick in the receiver; it is difficult to get 
a contact-Diaker to work so that one procures silence. Perhaps 
it is obvious and so unnecessary to say, but certainly if a contact- 
maker is to be used, this means of reading, when the click of the 
telephone is made the guide for settings of the scale, is the only 
method which could be applied. There is always moving ma¬ 
chinery to add to the noise in the receiver. Altogether the instru¬ 
ment as devised must be one which is easy to work with, and 
a dynamometer by which one ought to get very nice results. 

Pkof. GoLDSBORouon:—^As far as the action of the telephone 
is concerned : in using the machine, my assistant first reported to 
me that he had no special difficulty in obtaining readings, but 
thought probably the width of the contact had some effect; 
so 1 took some trouble to find out just what the range of 
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accuracy is. In our machine the brush probably has a width 
of of an inch and a contact point width of of an inch. 
Now if you have one brush in a fixed position and move 
the other, you can move it along until yon begin to hear a 
click. Move it a trifle further and the*click becomes more 
pronounced until you get a maximum amount of sound. 
Proceeding still further the sound will diminish. By taking 
readings very carefully I have found that in ten readings we 
could every time bring the pilot brush right back to the" same 
point. If you w’ant to catch just a faint noise, you can get that 
adjustment. If you want to get the maximum mnount of sound 
you can get that adjustment. Or if you want to carry it too far 
ahead and bi’ing it back to a faint sounding position you can get 
that adjustment. So we have found that between zero sound on 
one side and zero sound on the other side, there is a limit of less 
than one-half of one degree in the scale reading where the spring 
is adjusted to give 180° deflection at full load.* Half a degree in 
this case represents a very small error. By careful work, of 
course, you e.an make it much smaller. I do not know how the 
instrument would work if you were using it on very fluctuating 
loads. [ do not know that it would be a success. It was not de¬ 
signed for that. It was designed to use with electrical machin¬ 
ery, where we can maintain our load with absolute constancy, you 
may say, for almost any length of time; and for that purpose it 
works nicely. What its value would be in testing lathes or ma¬ 
chine tools of various kinds, in which the fluctuations are very 
rapid, I do not know; but for the use of the electrician and for 
rapid testing in either commercial or college laboratories, it has 
so far w’orked out very nicely, indeed. 

Me. Mailloux:— I do not quite agree with Prof. Qoldsbor- 
ough as to the limitation of this insti’ument. I think it is really 
suited for many more puiposes than he thinks, provided it has 
means of giving an indication of the deflection. I think that is 
really all it needs. It is free from the sei'ies of errors due to 
speed which are incident to the Van Winkle dynamometer. The 
only thing that it lacks is a means of giving an indication of 
those fluctuations, because if there are errors due to resonance, 
they can be measured, determined and accounted for and allowed 
for. I think it is possible to apply a device that will give scale 
indications. 

I think really this is a very interesting apparatus, and one 
which has a far greater range of usefulness than Prof. Golds- 
borough claims for it. 

The Peesident: —We will proceed with the next paper on 
“A Percentage Bridge,” by Mr. Herschel C. Parker, of Col¬ 
umbia University. 
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A PEECEJSITAGE BRIDGE. 

BY HERSCHEL C. PARKER. 

There are many cases in the measurement of resistance that re- 
-qnire the exact determination of comparatively small differences. 
This is true when standard ohms are compared, when a standard 
rheostat is calibrated by comparing directly with a standard ohm, 
in the measurement of temperature coefficients, etc. 

For the comparison of standard resistances of the same value, 
the Carey-Foster method, using the commutator bridge,” fur¬ 
nishes a very precise and satisfactory means of measurement. 

If, however, a rheostat in which the coils are arranged in sets 
of 1, 2, 3, 4 or 1, 2, 2, 5 is to be calibrated against a standard 
ohm, the problem becomes an exceedingly difficult one. In fact 
two rheostats have to be calibrated at the same time and the cor¬ 
responding calculations are veiy involved. 

The method known as ‘^^substitution in the bridge” (described 
in ‘‘A Systematic Treatise on Electrical Measurements”) is per¬ 
fectly adapted to the adjustment of the coils of a standard rheo¬ 
stat of any pattern whatever by comparison with a standard ohm, 
but requires the use of interpolation resistances and the observa¬ 
tion of galvanometer deflections when a table of corrections is to 
be made out for a rheostat already ad justed. 

The method devised by the writer, which may be called the 
“percentage method” and the apparatus employed the “percen- 
tage bridge,” while based on tliis method, differs from it radically. 
It is a zero method, makes use'^of readings on the bridge wire in 
place of galvanometer deflections, and does away entirely with 
the use of interpolation resistances. 

It seems to possess all the advantages of the Carey-Foster 
method, while the apparatus required is much simpler using only 
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4 mercury cups in place of the 20 mercury cups of the compli¬ 
cated commutating device usually made use of. At the same 
time it gives the great range of measurement of the method of 
percentage differences. 

The arrangement of the apparatus is shown in Fig. 1. 

The “percentage coils” C'O'are joined to the ends of the bridge 
wire A £ and these coils are so adjusted that when resistance in 
one arm of the bridge is changed by an amount d the displacement 
on the bridge wire = X. 

Let L = 1 ohm and A = 1 ohm. 

Then {0+ A) — X : {O ■+ £) + X: :£:£+ d, 

Now when d = .01 ohm, adjust the coils 0 0 so that A — 100 
divisions of the bridge wire, then 1 division = .01^ (approx¬ 
imately). 
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Fig. 1. 


If Z = 10 ohms and Z = 10 ohms, when X = 100 divisions 
d r= 0.1 ohm {Ifo of 10 ohms) and 1 division is again .01^. 

This being true for any values of Z and Z, the bridge when 
once adjusted will always read in percentage. 

The value of the “percentage coils” for any given value of 
the wire A£ can be calculated as follows: 

Let A ^ = 1 ohm = lUOO scale divisions, and the ratio of 
the change of resistance = lOO/Z. 

Suppose the position of balance to be at the center of^the 
bridge wire, then A = £ and 

X— ;i 100 

A 0 = £ A' C’'= X Whence 
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If 101 and X = 0.1 ohm (100 divisions), 


0.1 (101 ■+ lOo) 

lul— loo 


= 20.1 and 0 = X— A = 20.1 


.5 


19.6 ohms. 


To find how nearly this value of 0 will give the true differ¬ 
ence in percentage for any other value of / we may substitute 

in the equation thus when X = .001 ohm (1 di- 


20.1 — .001 100 




X+^ ^ X 

vision) and X should equal 100.01, 2oXfi- 001-X ’ 

100.00995, which gives an error of only .00005^, and when 
X = .01 ohm (10 divisions), X = 100.00^55, an error of only 
.00015^. These errors are, of course, quite beyond the errors of 
observation: 

Thus we may have a bridge that will read in differences of 
percentage with the greatest accuracy from considerably above 
to differences in resistance as small as .001^. 

By taking different values for X and X in the equation 


X= 


>1(7T+ 100) 


, and then calculating from the values obtained 


X— loO 

for X the corresponding values for K from the equation 

^ , it is found that the best ratio of the bridge wire 

X -f- X IL 


to the percentage ’ 
1 : 19.6. 


coils for all usual cases of measurement is 


If it is desired to have 1 division of the bridge wire = .001^, 
then the ratio should be, 1 : 200.5. 

If the point of balance is not exactly at the center of the bridge 
wire the error introduced is very small. Thus, suppose in the 
case where 1 division = .01^ the position of balance was 100 
divisions (0.1 ohm) from the center, then when balanced the 
ratio is, 20.2 : 20.0 : : 1.01 : 1, and when X = 100 divisions (0,1 
ohm) the ratio is 20.3 :19.9 : : 1.0201:1. Now 1.0201 —1.0100 ~ 
.0101, an error of only .01^. 

This error may, of course, be eliminated if necessary by adding 
compensating wires to either arm of the bridge when the point 
of balance is a considerable distance from the center. 

This form of bridge is of great service in the laboratory when 
exact and rapid comparisons are desired. An example will best 
show the method of employment. 
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Queen liheostai JSi'o. 1 compared with Standard Ohm — 
1.0005 at 19^" 0. 


Positions on 

Bridge Wire 

Difference 

Correct 

No. of 

Balance. 

Substitution. 

in %. 

Value. 

Coil. 

o 

o 

495 

— .05 

1.0000 

1 

436 

435 

+ .09 

2.0023 

2 

409 

395 

— .14 

2.9986 

3 


This method is especially adapted to the determination of 
temperature coefficients, for the change from the position of 
balance divided by the difference in temperature gives at once 
the coefficient. ISince a change in resistance of .001^ can easily 
be detected, the temperature coefficient when a difference of 
temperature of only 1 degree is employed can be accurately 
measured. This bridge also gives a convenient means for deter¬ 
mining small changes in temperature. If a wire whose temper¬ 
ature coefficient = 0.2^ is balanced in one arm of the brids’e. 
then it is possible to measure a change of temperature = .005 
degree. 

The “ percentage bridge ” is so easy to construct and adjust, 
being, in fact, only an ordinary bridge wire with the addition of 
the “ percentage ” coils, that it seems possible it may be found 
useful i.n many electrical laboratories when the precise compar¬ 
ison of standard ohms or the calibration of standard rheostats is 
required. 
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Discussion. 

The Peesident : — TLere already exist many methods of mea¬ 
suring resistances, but there are none too many, as most of us 
have found frequently, to our sorrow, that often the very resis¬ 
tance we want to measure cannot he measured as well as we 
would like, by the methods that are known to us. The present 
method points out the importance of measuring by percentages, 
and 1 think that principal ought to be recognized rriore than it is, 
because in making such calibrations it'^is not the absolute 
values of the errors that w^e are after, but the percentage value, 
and a method of finding this directly cannot fail to be of interest. 
The paper is open for discussion. 

1’eof. Goldsbokough : — I have been very mucdi interested in¬ 
deed in reading this paper, and in listening to its presentation 
to-day. 1 very gladly welcome at all times anything that tends 
to reduce labor in calibrating instruments of any kind—anything 
that tends to greater simplicity. The greater tlie simplicity of 
the method the greater are the chances of ultimate accuracy in 
our results. This method commends itself, especially in view of 
the fact that it is a zero method, and w^e all know the value of 
zero methods. A zero method, in wdiich a galvanometer is used 
may be said to be analogous to a contact method in which we ad¬ 
just for maximum noise instead of trying to observe a point of 
silence. It gives us a direct indication that w’^e have reached the 
desired result. Very frequently it is a very difiScult matter to 
make a galvanometer which is sensitively adjusted, operate satis¬ 
factorily, unless we go to a great deal of trouble. At our own 
University we find that often the street railway currents affect 
our apparatus, when the street car line is not closer at any point 
than a quarter of a mile; and I have no doubt that in laboratories 
in cities which are less favorably located, experimenters experi¬ 
ence much difficulty in getting their galvanometers to behave 
properly. Under these conditions a zero method is all the more 
valuable, as it eliminates the necessity of taking a reading of a given 
deflection. We have found instances in the ease of very delicate 
readings that we have been making recently at the Purdue 
University, that it has been necessary for the experimenters to 
do all their work between 1 o’clock at night and early morning 
before the street car lines start up. We reach a time only then 
when our instruments can be very delicately adjusted. 

I very gladly welcome any method which tends to simplicity 
and greater accuracy wdth less wear and tear on the human frame; 
so I think those of us who are in charge of laboratories will wel¬ 
come this particular device for standardizing our resistance coils 
as something to be highly commended. 

The President :—Is there any further discussion. If not, the 
Secretary has some announcements to make. 

The Seceeta-ey :—To-day’s session ends with, the paper just 
read. I take pleasure in announcing that the Local Committee 
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has arranged for a ‘‘ Smoker,” whicli by the courtesy of the 
Manufacturers’ Club will be held at its room's, No. 1405 Walnut 
Street. 

Mr. Charles A. Bragg, Chairman of the Local Committee then 
read letters of invitation to the Institutb to visit Cramp’s Ship¬ 
yard, the Baldwin Locomotive Works, and the Franklin Insti¬ 
tute. 

The meeting then adjourned to Thursday, May ITtln 



Thursday, May 17th, 1900, 

MORNING SESSION. 

The President: —We will now proceed with the other busi¬ 
ness of the meeting. The first thing on the program is the 
^'Report of the Committee on Units and Standards,” by Ur. A. 
E. Kennelly, chairman. 

Dr. Kennelly: —Mr. President and gentlemen, with your 
permission I will read the report of the committee as addressed 
to the Council last month. 

Report of Committee on Units and Standai^ds. 

To THE Council, American Institute of Electrical Engineers. 

Gentlemen Your Committee on Units and Standards has considered 
the tollowing resolution passed at the last regular meeting of the Institute on 
the 28th of March, 1900 ; 

Rsol'oed: That the Committee on Units and Standards be requested to in¬ 
vestigate and report at the ensuing meeting in regard to the advisability of the 

following: ‘ ^ ^ •, 

1. The giving of names to the Absolute Units of the Electrostatic and 

Electromagnetic systems. , « i •. 

2. The denotation by means of prefixes of multiples of such units. 

3. The rationalization of the present system, by means of taking the ab¬ 
solute unit of magnetism as equal to the present magnetic line, and the abso¬ 
lute difference of magnetic potential as equal to the present absolute unit of 

current-turn. , ^ i. .v 

4. The advisability of taking up any or all of the above matters at the 
Congress to be held in f^aris this year. 

The Committee desires to report as follows: 

1. We consider that there is need for names for the absolute c. G. s. units 
in the Electrostatic and the Electromagnetic systems; also for suitable prefixes 
to denote decimal multiples and subraultiples of these units, in supplement and 
addition to those already in common use. 

2. That the International Electrical Congress convening this year at 
Paris should be urged to bestow the above mentioned names and create said 

decimal prefixes. t » 

3. That much advantage would accrue to a universal “rationalization 
.of electric and magnetic units, and that the Congress be requested to consider 

the means and advisability of such ‘‘rationalization.” 

4. That we recommend that the whole subject should be brought up as a 
topic for general discussion at the approaching General Meeting of the Insti¬ 
tute in Philadelphia. 

Signed P. B. CROCKER, 

W. E. GEYER, 

G. A. HAMILTON, 

A. E. KENNELLY, Chairman. 
W. D. WEAVER. 
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Dr. Kennelly:— Mr. President, I would ask permission to 
add a few remarks on these resolutions. I do not know that I 
am speaking for the committee, although I have no reason to- 
suwose that my remarks are contrary to their views. 

We have a very beautiful system of units, w^hicb, as we all 
know, are those of the centimetre-gram-second system. We 
are taught the great advantage which accrues to the profession 
from the use of those units, and their great value from a scienti¬ 
fic standpoint; and then after we have learned to estimate the 
beauty and recognize the importance of these units we are told 
that we must throw them away, for all practical purposes of 
electrical vrork, and come down to another system, related there¬ 
to in a rather complex fashion, to wit, the volt ampere-ohm system. 
The volt-ampere-ohm s\’stem, is such a system as would be de¬ 
veloped if instead of a centimetre of length we employed a 
thousand million, or a billion of such centimetres, which is practi¬ 
cally the distance from the pole to the equator, along the me¬ 
ridian of the earth passing through Paris. The unit of time in 
that system is the second, the same as in the c. a. s. system ; hut 
the unit of mass instead of being the gram is gram. I 
don’t know how to name that quantity. The unfortunate part 
of this practical system is that, as we extend it, in order to make 
both ends meet in our equations, and in order to make it consis¬ 
tent, we have to employ a unit of length equal to the earth (juad- 
rant, which is a very unfortunate arrangement, because we do 
not build dynamos on that scale. The difficulty which confionts 
us is the anomalous condition of a theoretical system of units 
which is good but not practically used, and a practical system 
which is not so good but which is used, while the connection be¬ 
tween the two systems is very perplexing and diiSScult to remem¬ 
ber. There was no necessity, as we see it now, to create this 
present system. We do not need it, excepting so far as custom 
and practice has made it necessary. There was never any oc¬ 
casion for creating the volt; it would have been quite sufficient 
if the volt had been the c. o. s. unit itself, one hundred million 
times smaller and if the prefix had been attached to the word volt 
which would have signified a raultiplication of a hundred million, 
exactly in the same way as the microfarad signifies a division of 
a million. That example shows how clearly we could have had 
a prefix, and all our terminology, all our equations and all our. 
language would have been consistent with the fundamental c. g. 
s. system on that basis. There are many people who believe 
that it is unadvisable to create names for the c. g. s. units; they 
say it would complicate .matters too much. Kxactly the same 
reasoning, however seems to apply to animals and iiowers, for 
exainple. There are hundreds of thousands of genera and 
species of animals and plants, either existing or that have existed 
in the past, and all of these that are known with any accuracy 
are scheduled and have names. Some of them are atrocious 
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names; but it is surely better to call a buttercup ^ ranunculus 
iulhosus than to call it by some number in a botanical catalogue 
or system. If we want to talk about units in the fundamental 
system we have to say so many units o. o. s. Now there is an 
unfortunate misunderstanding which is likely to attach to any 
such arrangement, because we have two c. o. s, systems, the elec¬ 
tro-static and the electro-magnetic, and unless you say so many 
units electrostatic o. o. s.. or else so many units electromagnetic 
0 . o. s., you immediately invest your statement with some un¬ 
certainty ; and therefore some name for each fundamental c. o. s.- 
unit is desirable. We have a few names already, such as the 
dyne and the erg, and these names are of great utility and na 
one objects to them. We have metre, centimetre and gram, and 
those names do not give us any great disadvantage or trouble. 
Surely it would be no disadvantage to have additional names„ 
even if we never used them; if they were laid on the shelly 
the worst that would happen would be that they might be laid 
permanently on the shelf. The next point, about prefixes for 
multiples, is surely very important and self evident. We have 
at present the deka, hekto, kilo, myria and mega, only five pre¬ 
fixes to determine decimal multiples in the ascending scale. It 
reminds one very much of those savages in Africa who can only 
count one, two, three, four, five; and we smile at the simplicity 
of a language which is so imperfect that they^ are not able to ex¬ 
press numerals further than that. Our own civilized nomenclature’ 
in olectroniaenetics is similarly defective considering; tliat in our 
fundamental physical, elecfrical and maa;netic system we nave nO' 
multiple of units beyond five in the ascending scale and four in 
the descending scale. Prefixes for the multiples could be ci,^ 
ated whether we used them or not. They should he created and 
they should he consistent. If they are created properly, even at 
this time, thirty vears after the original introduction ot the' 
system, we can so'take up ihe practical system with tne funda¬ 
mental c. o. s. system as to give no inconvenience. \Ve could 
then use the o. o. s. system in practical work, in spite of the lact 
that the other svstem is in universal use. The worst that could 
happen would be that the names would sink into innocuous desue¬ 
tude. Ko harm would be done and much advantage naight arise. 

In reo-ard to the question of the rationalization of units, we 
now know that the b. a. system might have.been better con¬ 
structed if the fundamental entities had been fluxes mstead 
of point poles and point charges. In order to rationalize the 
units upon the proper scientific basis, and rectify the exist¬ 
ing system, it would be necessary to change all our olims,. 
voV ampere8,~everv electric unit that the electncian employe 
to-day. It would avoid endless trouble in contracts and endlesa 
troulilein machinery and labor. It is a most serious question. 
It is a question of the rationalization of units after they have been 
establi^ed, adopted by the governments, and after they have 
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been brought to universal use in the last thirty years. A sugges¬ 
tion, has, however, been made as a sort of half means of eradi¬ 
cating this trouble, a suggestion due to Professor Fessenden, I 
believe, and also to others; that is by employing the permeability 
of air circuits, the unit of which shall be four n instead of one; in 
other words giving to air a permeability equal to four tt that we 
would be able to cancel out the four-in our equations; the fi 
would then be cancelled out the four rr. That is a possibility 
that has been favorably discussed, although there are some who 
think it would be a disadvantage. The question is entirely sep¬ 
arate from the question of giving names to the c. g. s . units. 
The two things must be considered each upon its own basis, and 
■one proposition does not in any way interfere with the other. 
The committee has therefore agreed that this question of ration¬ 
alization could be considered with advantage as to whether it is 
advisable. But we do not think there is any question as to the 
advisability of giving names to things which already exist. 

The President: —Gentlemen, this report is now before you 
for discussion. In view of the Congress in Paris this year this 
•subject ought to be very fully ventilated and discussed at this 
meeting. The report, as you have seen, is very conservative and 
does^ not suggest any very radical changes. The question of 
naming the c. a. s. units is, as was very well shown by Dr. Xen- 
nellj^, something which at least will do no harm and it may do 
much good; it therefore seems that there could hardly be any 
real objection raised against it. In order, however, to properly 
bring it before the Congress, it seems to me we ought to go pre¬ 
pared to suggest certain names and prefixes. At'tlie Congress 
of 1891, in Frankfort, Germany, to which this IxsTiTtiTE sent a 
delegation, of which I was a member, we tried to have certain 
things adopted, among other things the henry and the gauss, but 
we saw very soon that it w’as hopeless to try to introduce any¬ 
thing new at such a Congress. A Congress is an occasion to 
•settle upon something which has been discussed thoroughly 
before the Congress meets; it is hardly the place to bring out 
something new, to discuss it, and then to decide on it. It would 
therefore be very desirable if we could formulate our recom¬ 
mendations to the Congress and have them published at once, so 
as to give the Europeans a chance to look them over and consider 
them. If we wait until the Congress meets and then bring up 
these matters, it will no doubt result in failure to adopt our 
suggestions. 

There have always been objections to introducing any new 
system of units; but nevertheless it seems to me that it would be 
well to have an entirely new system, perhaps something like the 
one proposed by Heaviside, which would be of great benefit to 
.scientists and to physicists, even though it might be quite different 
from the one used in practice. In my opinion there would be no 
objection to adopting a perfectly rational' system of physical 
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units in order to enable physicists and scientists to work with it; 
when they wish to connect their results with those stated in 
practical units they can do so very readily. If such a system of 
physical units turns out to be much better than the present c. a. s. 
system, it will find its way into practice in the course of time; per¬ 
haps not during our lives, but later; its foundation would be 
laid. Therefore I think that the more rational and the more 
thorough such a new system of physical units is, the better. 
If we are going to adopt anything new let it be something which 
will require no further changes later on. 

■ As to the system of practical units, it seems to me that it is 
not necessary to have any specific practical units at all. In other 
•systems of measurement that we deal with, such as those of 
weight, length, and so on, we have no practical units. We use the 
meter when that is the most convenient; we sometimes use the cen¬ 
timetre or the inch or the mil or the mile. It is not necessary 
to decide that any one of these lengths should be called the unit; 
we use whatever unit happens to be the most convenient. If we 
had a system of c. a. s. units with names, there is no need of 
saying that just so many c. o. s. units shall be determined upon 
as a practical unit, and be called by another name. 

The report is open for discussion. 

Mr. C. O. Mailloux:— I wish to call attention to one in¬ 
stance in which a unit has been named and has afterward fallen 
into innocuous desuetude, to use the language of Dr. Kennelly. 
Before the Congress of 1881, at which time the ampere, the 
practical unit of current, had not yet been named, there was a 
tendency, especially among the Germans, to use the word weber 
ior that purpose; and at the Paris Congress of 1881 there was 
a certain amount of contention between the advocates of the 
word weber, and those of the wwd ampere, as the practical unit 
of current fiux. The strife was quite sharp and I believe it w^as 
finally settled by giving the name ampere to the practical cur¬ 
rent unit, and giving the name weber to the o. g. s. unit; so that 
to-day we have, at least theoretically, the name weber to express 
a unit equal to ten amperes. In other words, to put it differ¬ 
ently, our ampere is really a deci weber, as it stands to-day. It 
seems that this application of the word weber became forgotten, 
from sheer want of use, and it lay on the shelf. We never found 
use for a unit term of tea amperes and consequently we never 
had occasion to use the word weber. Later on, 1 think this In¬ 
stitute proposed to use the same word as a unit of magnetic 
flux; and if this suggestion should be adopted we would really 
find ourselves v/ith the same name for two different units, one 
the absolute current flux value, and the other absolute njagnetic 
flux value. This shows the importance of having a system m the 
formation of names. Jf at the'time when the weber was chris¬ 
tened, names had also been given to the other o. g. s. units, it is 
not likely that this word would have been forgotten ; but it w^as 
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the only c. o. s. unit that received a name, and for that reason it 
became forgotten. 

I myself think that the naming of the c. a. s. units is desirable, 
and I think that when we have these names, with a system of 
prefixes expressing multiples and submultiples, or else powers of 
ten, we will have all that is necessary for practical purposes. 
In different industries we use the centimetre as the unit. In 
wmtch-making, for instance, the centimetre is the fundamental 
unit. What corresponds to the foot of the carpenter is the cen¬ 
timetre of the watch-maker. The chemist uses the centimetre 
as the unit of length and uses the milligram as the unit of weight. 
In practical work we use the kilogram as a unit of weight. They 
are all based on the same thing, and the prefix milli, or kilo, 
added to the word gram, really makes the practical name and 
there is no need of a specific name in these cases. It seems to 
me that after all, the logical system is one that is self-explanatorr. 
There is no objection to microfarad, because v/e know what it 
means; and it seems to me that when we have named the other 
units all we shall need will be a rational system of prefixes des¬ 
ignating the multiples or subdivisions in the ascending and de¬ 
scending scales, respectively. 

PnoF. Goldsboeouoh :—I have been very much interested in 
these matters, the naming of the electromagnetic units and the 
rationalization of the system, i am heartily in favor of appro¬ 
priate names being given to the electro-magnetic units, but at the 
same time some care should be used in extending them and in 
arranging for prefixes and suffixes. At the present time we use 
the words milliarapere, millivolt and kilogauss, and various other 
prefixes which indicate submultiples or multiples of units which 
we call our practical units, and they have to us a real value and 
they carry with them a real significance which it would proba¬ 
bly take much time to efface and in their stead use prefixes or 
suffixes in con junction with the c. g. s. units. Of course, as far 
as the word gauss is concerned, it has never been adopted by any 
International Congress. It's a word, however, which the In¬ 
stitute has sanctioned, I bedeve, in the same way that it has. 
sanctioned the terms gilbert and weber. I do not know bow 
generally they are used among engineers ; but certainly to those 
who make use of them they become very valuable, and to my 
mind if any international names are given they should be in line 
with the suggestions of the Institute, if possible. 

As regards the rationalization of the system of c. g. s. units^ 
there seems to me to he very little in the way of carrying out 
the suggestions that have been brought forward and discussed,,, 
largely emanating from Prof. Fessenden. To my mind the elec¬ 
tricians of the world will have !io great difficulty in changing: 
their mental attitude so as to prevent ambiguity of thought. IA 
connection with the work of education, I think the future gen¬ 
erations will owe us a debt of gratitude for making tins change,. 
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as it will make their concepts of the sj’stem of units with which 
we have to deal more clear. There may he some slight advan¬ 
tage in having the permeability of air miit but it is not a very 
pertinent one. I think when the idea is first presented to the 
student and he is told that the permeability of air is 4;r, that 
will settle the matter for him, and there will be no further ques¬ 
tion or ambiguity in regard to it. The older students will have 
some difficulty in readjusting their mental concept as regards the 
permeability of air. This, however, is a small matter in com¬ 
parison with the great good that will result from these changes. 

I think the committee acted very wisely in giving to us a con¬ 
servative phraseology in their report. If we go befoie the Inter¬ 
national Congress with suggestions which affect all engineers, of 
all countries, we will have necessarily to be very careful about 
the recommendation of terras. It might be a good plan for our 
delegation to have in mind recommendations for naming these 
units, which the American engineers can back and heartily sup¬ 
port. I presume in whatever names are given there will have to 
be a distribution of them among the various elements that are 
represented along the lines of nationality. However that may 
be, the work of the committee deserves oiir high commendation, 
and I hope a motion will be carried at this meeting which wiU 
give official sanction to the report which the committee has 
presented to us to-day. 

Ppof. W. S. Feanklin :—I have been very much interested 
in this mattcT of the improvement of our systems of electric 
units whicdi has been discussed so mucli for the last two or three 
months, and I am in full accord with the report of the com¬ 
mittee. There is just one thing that I would like to say in 
regard to the rationalization of units, ai d tl at is this: To 
most minds the eruption of 4 tt seems to be the only irrational 
thing in connection with our electrical units; biit’it seems to 
me that the most irrational thing is the fact that we have 
two systems. The fact is, I think, we are not ready to ra¬ 
tionalize our units; I think it is an impossibility, because we do 
not know enough about the subject; so I think the committee 
has taken a very wise stand in not recommending the Ijs^stitutk 
to take a definite stand on that subject. On the other hand, I 
think it would be an immense advantage to adopt a simple series, 
of names and prefixes for c. a, s. units and multiple units. For 
my part, I think that a teacher is more able to judge of 
the diflSculties which are involved in our systems of units than 
practical men, because he has occasion every year, to go through,, 
in a sort of way, the same experience that an" engineer has to go 
through only once in his lifetime; that is, he observes others go 
through the formative period when they are becoming familiar 
with the theory of electricity. I think tiie greatest difficulty 
that I encounter in teaching'the subject of electricity is due to the 
fact that the c. g. s. units have no names. The practical units. 
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are the praotioal units because they have names. 1 heartily 
endorse the committee’s action and I think the Institute ought 
to take steps to formulate its views on the subject for presen¬ 
tation to the Paris Congress. 

Mr. 0. P. Steinmetz : — I fully appreciate the fact that the 
absolute c. a. s. units, with the proper system of prefixes, would 
cover all the needs of electrical engineers and would be far prefer¬ 
able to the present system of c. a. s. units. But I do not think it 
proper at this late day to change over. The practical units, al¬ 
though inferior to the absolute 83 ’ 8 tem of units, have been intro¬ 
duced to such an extent that there is little probability they 
will ever be replaced. The name “weber” and one or two other 
names are rarely met. In replacing the present names of e. m. f., 
etc., I think we would find very great difficulty. 

Coming to the s^ystem of prefixes, this is undoubtedly a 
very desirable proposition, as seen by experience, which has 
alread}^ introduced such prefixes as milli, mega, etc., but I 
should be sfcrongl}^ opposed to any attempt to introduce too 
many prefixes. When the metric system was introduced on the 
C'ontinent, an attempt was made to introduce prefixes for every 
one-tenth in the ascending and descending scale. Practically all 
these prefixes have been discontinued, with the exception of kilo 
and milli, except in very few instances. 

It appears to me that prefixes in the ascending and descending 
scale, following each other by thousands, would be sufficient, as 
milli and micro in the descending, and kilo and mega in the 
ascending scale. 

With regard to the rationalization of our units, I do not agree 
with our committee. I think any attempt to rationalize our 
system of units would cause such a confusion as to be very 
undesirable, and I do not think that matters vrould be bettered 
thereby, since even such a rational system of o. a. s. units is not 
rational at all, as can easily be seen if you try to derive some unit 
from centimetre, gramme and second, in several different ways. 
If the system is rational you should get the same dimension 
no matter how you derive the unit. But in reality, starting from 
the action of magnetic masses upon each other, you get entirely 
different dimensions, as starting from the action of electric quan¬ 
tities upon each other. The reason is that neither of the two 
systems, the electromagnetic or the electrostatic, are rational, 
but in the former the assumption is made that the permeability 
of space is unity, in the latter the assumption that the dielectric 
•constant of space is unity, and neither is obviously warranted. 
But thei^e is another system of units, that is the mechanical 
system, where you would start b}" the gravitational attraction of 
unit masses upon each other in unit distance. Now it may be 
possible to bring the different sj'stems-into agreement by assum¬ 
ing for the dielectric constant of space and the permeability of 
space such values as to make the action of magnetic and electric 
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quantities upon each other to agree with the action of masses 
upon each other bj gravitation, but such a change would be sO' 
far reaching that I do not think it could be introduced at this 
late day. 

Mr. Mailloux : — I wish to call attention to a suggestion which 
might be of interest in connection with the matter of prefixes.. 
I know an eminent analytical chemist who uses frequently the 
terms centi and milli, repeating them to designate a submultiple. 
For instance, in analytical chemistry the word milligram is used 
to indicate the unit of mass, but my friend uses the terms deci- 
milligram, centirnilligram and millirnilligram, and thus brings 
the value down to as low as the ten minus sixth power. So this 
represents a step in the right direction so far as the descending 
scale goes. It is possible that a similar expedient might be 
adopted for repeating the prefix terms in the ascending powers,, 
and likewise bringing us up to the eighth or tenth exponent. 

I think Mr. feteinrnetz is in error when he says the term deci 
is not used. It is used very largely by French writers and also 
by German writers. The expressions decilitre and decimetre are 
both used largely, in both these countries and, of course deci¬ 
metre and millimetre are used very extensively all over the world. 

Prof. A. J. Eowland :—There are one or two trifling things 
that have occurred to me. I don’t know that they will con¬ 
tribute very much value to the discussion. It seems to me the* 
whole question of the desirability of more units hinges very much 
on whether you look at this thing from the standpoint of pure 
science, or the standpoint of engineering. I can see a great deal 
of use in giving special names to the c. a. s. units if these units 
are to be used, by people who are interested in pure science, but 
I am not so sure that they would have so much value to engi¬ 
neers. We have two systems now which engineers have to know 
and handle, the foot-pound-minute system and the centimetre- 
gram-second-system. 

The advantages of the c. g. s. system are obvious to anyone who 
has used it at all, and yet in spite of its universal use by scien¬ 
tists the world over, and in spite of the legislation which has 
officially adopted it in this country, engineers scarcely use it at 
all in their work. Hence before engineers will use more c. a. s... 
units, they must come to use those we have already. 

Some people have called attention to a possible confusion in 
the names given to o^. a. s. fundamental units and c. g. s. practical 
units. There are difficulties in the use of units now at hand which 
are quite as bad. Take the magnetic units, for instance; take 
a unit which expresses the intensity of magnetic flux. One can 
speak of the intensity per square centimetre or square inch. 
When intensity of magnetic flux is mentioned I often find great 
uncertainty as to what is meant. When somebody comes to talk 
to me about intensity of magnetic flux and uses a number which 
is near to 100,000, I of course recognize that that is another 
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^vay of thinking about it than mine; that it is the intensity per 
square inch ; but somehow my mind fails to get that particular 
grasp on the numerical quantity which attaches when the thing 
is ill square centimetres. 

Kecently there has been a great deal of concession in the mat¬ 
ter of units to the practical electricians. 1 don’t know that it is 
particularly to be welcomed but the fact remains. Here is the 
matter of electromotive force, or difference of potential. Those 
terms are very rarely used among j)ractical electricians, but quite 
•often we hear the term ‘Smltage”; and (much worse) how often 
do we hear the term ‘‘pressure.” I don’t know what a student 
of pure science or even an engineer can think of that. It seems 
to me that it is a great pity that in such matters there has to be 
a concession made. But in the matter of units, if we multiply 
units, it seems to me the practical electrician is the man who is 
going to hold to the old units to the very last possible extreme, 
and since concessions have already been made to him, concessions 
will doubtless have to be made in the future. The result will be 
that if there are units in the c. o. s. system and the pure scientist 
uses them, the engineer, in contact with practical electiicians on 
•one side and pure scientists on the other side is going to have a 
very hard time of it. 

Mr. Steinmetz: —To illustrate what the last speaker said, I 
may give some of my experience. About eight years ago in 
the company with which I am connected, we used c. g. s. units 
for magnetic flux, etc., that is the metric system for the calcu¬ 
lation of machines. At the present time we use lines of mag¬ 
netic force per square inch, etc, because experience has shown 
that while for scientific reasons the c. g. s. units ai’e the only 
•correct ones, tliey are very inconvenient in practical design since 
all the dimensions ultimately have to be given in inches and a 
calculation in centimetres thus means constant transfer from one 
system to the other system, and the time is too short to do any 
work which is not necessary. It appears to me, therefore, that 
as long as the metric system is not used throughout the country, 
in machine shop practice, etc., the nse of the metric system in 
design and calculation for practical application will remain 
limited. 

The President: —If there is no more discussion a motion will 
be in order concerning the disposition of this report. 

Prof. Goldsboro ugh :—I move, Mr. President, that the report 
of the Committee be accepted and adopted by the Institute, and 
transmitted to the delegates, for presentation before the Inter¬ 
national Congress. Seconded and carried. 

The Chairman (Prof. Owens): —The next thing on the 
program is a paper by Mr. Fitzhugh Townsend of Columbia 
University, on “The lielation Between Hysteresis and Eddy 
Current-Transformers.” The paper will bring out a rather 
peculiar matter which he has noticed and will no doubt be of 
•considerable interest. 
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EDDY CDEKE^T LOSSES IN TEANSFOKMEES. 


BY FITZHUGH TOWNSEND. 


Experiments dealing with the peculiar phenomena connected 
with the magnetization of iron have been in progress at Columbia 
University for a number of years. 

In the spring of 1899, a further attempt was made to study 
the components of the exciting current of a transformer, and 
their relation to the fundamental component, together with the 
laws governing the phase displacement and amplitude of the 
latter. This investigation is still going on, and on completion, 
the results will be published by Dr. Pupin in conjunction with 
the author of the present paper. 

The experiments described in these pages are an offshoot of 
the main research just alluded to. Their object is to show that 
the eddy current loss in a transformer appears to fulfil the 
relation 

TFe = AT B and not 

TFe -= 

as is generally assumed to be the case. 

It was found in 1899 that the phase of the exciting current 
of a transformer was practically independent of the frequency, 
and varied with the flux density. 

A coil wound upon an iron core does not behave like an 
ordinary induction. The current has a certain hysteretic angle 
of lag which depends only on the magnetic induction. This 
angle of lag is probably due to some magnetic property of iron 
■which is not as yet understood. It is not due to a true induc¬ 
tance. 


819 



330 


TOWNSEND ON TUANSFOMMEBS. 


[May 


According to the experiments to be described, the equation 

represents the hysteresis and eddy current losses in a trans¬ 
former. 

ATi B = TFii = hysteresis loss, 

B = TFe = eddy current loss. 

The modification of the generally accepted expression for the 
core losses of a transformer involved in this equation, lies in the 
fact that the'eddy current losses are proportional, not to the 
square, but to the 1.6th power of the magnetic induction. 

If, as appears to be the case, the eddy current losses do vary 
in this manner, it is a fact so peculiar, and so opposed to pre¬ 
conceived ideas on the subject, that some attempt at explanation 
is necessary. 



In order to arrive at an explanation, the most promising 
method of procedure will be to consider carefully the conditions 
under which eddy currents occur. 

Fig. 1 represents a section of the core of a transformer, 
is a short-circuited turn wound around the core. 5 is likewise 
a short-circuited turn, the only difference being that it is em¬ 
bedded in the iron. If the core is laminated horizontally, 5 
will represent substantially the path followed by the eddy cur¬ 
rents in a single sheet of the laminations. 

The iron core is supposed to be uniformly wound, so as to 
form a perfect solenoid. Let the ohmic resistance of this wind- 
mg be so small as to be negligible. A simple harmonic electro¬ 
motive force is impressed on the magnetizing turns. Let us 
assume that there are no eddy currents throughout the mass of 
the iron, and that the induction is uniforni. It will also be of 
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necessity a simple harmonic function, that being the form of the 
impressed electromotive force. 

Owing to the varying permeability of the iron, however, the 
magnetomotive force h will be a complex harmonic. 

The turn 5 embedded in the iron encloses so few lines of 
force that the coefl&cient of mutual induction between h and the 
magnetking turns is very small. On the other hand, all the 
lines of induction which pass through i are likewise interlinked 
with the magnetizing turns. 

If now a simple harmonic electromotive force is impressed 
upon the primary circuit, the secondary h will have induced in 
. it a similar electromotive force. This secondary e. m. f. will be 
180^ behind the primary e.m.f. 

The resulting secondary current Ci, will produce no appreci¬ 
able effect on the primary current, either in respect to phase or 
amplitude. The reason for this is that the electromotive force 
of mutual inductance in the primary circuit due to the current 
in the coil 5, namely 0^, is negligible. 

Ob, however, has an effect on the magnetic distribution. It i» 
a counter magnetomotive force, and it must combine with the 
primary magnetomotive force u to produce a simple harmonic 
flux. 

The current c^, therefore, is a magnetomotive force acting in 
such a way as to give rise to a simple harmonic flux in the iron. 
It is, therefore, to be expected that it should possess, in common 
with the primary current, those peculiar characteristics with 
regard to wave shape and phase displacement which characterize 
every magnetomotive force producing a simple harmonic flux in 
iron. 

The current Cb should lag behind the secondary electromotive 
force to the same extent that the primary current lags behind 
the primary electromotive force. This angle of lag depending 
only on the magnetic induction and not on the frequency, as 
already stated. Cb should also be a complex harmonic current 
wave, similar in shape and following the same laws as those 
which govern the primary current. 

When the flux density varies, the electromotive force acting 
on i increases in direct proportionality as in the case of the 
primary circuit; the frequency remaining constant, l^’ow, if the 
current Ob follows the same laws with regard to phase displace- 
ment and wave-shape, as those which govern the primary mag- 
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netomotive force h, then the energy in h must vary as the 
1.6th power of the induction as is the case in the primary of 
the transformer described in connection with Fig. 1. 

If the frequency varies while the induction remains constant, 
then, under the supposition of similarity between Ob and the 
magneto-motive force h, the phase displacement of Ob should 
remain constant. Therefore, since the voltage and current in the 
circuit 5 are each directly proportional to the frequency, the 
watts in 5 must vary as the square of the frequency. 

In order to pass from Fig. 1 to the case of an actual trans¬ 
former, we have only to perform an integration by considering 
the effect of a large number of circuits similar to h lying in 
planes parallel to each other. The integral energy loss, repre- 
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senting as it does, the eddy current loss in a real transformer, 
may be expressed by the equation. 

W, = KB 1-6/1 

It is interesting to compare the conditions which exist in a 
circuit such as a in Fig. 1, with those just discussed as charac¬ 
teristic of the circuit h, 

a as has been already explained, consists in a turn of wire 
forming a short-circuit around the core. 

The mutual inductance between a and the primary turns is 
not negligible. Also, a will have considerable inductance, since 
a current flowing in a will produce a leakage field, the lines of 
force of which will not cut the primary turns, 

A current in a can only affect the magnetic distribution in so 
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far as it blows out some of the lines of force. The path of these 
lines is mainly through air and not through iron, hence the mag¬ 
neto-motive force, to which they are due, should not be ex¬ 
pected to be a complex-harmonic wave. The current in a should, 
however, lag behind its electromotive force, owing to the induc¬ 
tance of the circuit a. 

In order to discover if there is any foundation for the above 
speculations, a core made of iron wire was procured, and some 
magnetizing turns wound uniformly around it. Two brass 
plates were stuck through the body of the core and soldered 
"together at d as shown in Fig. 2. The two other ends 5 and c 
were connected together by a short and heavy copper cable. 



•One turn of this cable was put around the small open circuit 
transformer and the curve of the current in the short-cir¬ 
cuited turn ah c obtained^ 

The circuit ah ci% 2 , fair imitation of the elementary current 
h of Fig. 1. The magnetization of the transformer d is so small 
as not to interfere materially with the results. 

Fig. 3 shows curves of impressed primary electromotive 
force and primary current, in addition to the curve of current 
in the short circuit J, c. It will be seen that this latter 
.appears as a lagging complex harmonic wave, as suggested 
above. 

l. The method by which the curve could thus be determined is described 
*on Page 5. 
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Fig. 4 shows two curves. The one marked e is the impressed 
electromotive force curve. The other is the curve of the cur¬ 
rent ill a short-circuited turn of wire entirely encircling the 
core. This curve is a practical example of the current in coil a 



as discussed in connection with Fig. 1. It is very nearly a sim¬ 
ple harmonic, and lags behind the impressed electromotive force. 
An important corollary follows from the expression 

if this equation is indeed the correct one. This corollary is that 
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the ratio of hysteresis to eddy current losses is independent of 
the magnetization. Let Wh and We represent these losses, then 

F, _ K, 

K K,f 



Fig. 6. 

be expected, as there is no doubt that 

=: 00 when /* == 0, 

and probably 



at very high frequencies. 

Prof. W. Peukert, in the MeTctrotedmisohe Zeitschrift of 
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September 2l8t, 1899, published an article on the iron losses of 
a transformer, in which a large number of measurements of 
core losses at different frequencies and magnetizations are tabu¬ 
lated. 

The transformer used in his experiments was a closed circuit 
laminated iron ring built of sheets 19.7 mils in thickness. 

These results were plotted as shown in Fig. 6. By taking a 
number of simultaneous values, the average value of the 
constants 

ill = 1.223 X 10-« 

= 1.006 X 10-« 

were determined. 

The points shown © ® © in Fig. 5 were obtained by substi¬ 
tuting the above values of jSj and in the equation 

The agreement between the observed and calcnlated points is 
probably as close as is warranted by the accuracy of the experi- 
mental determinations. 

Table I gives the experimental data from which the curves of 
Pig. 5 were derived. 

TABLE I. 


Frequency. 

B max. 

2187 

35*2 

4T73 

5192 

5843 

6260 

24 

Watts 

6.3 

15*9 

21.3 

31*4 

38.5 

43*2 

33*33 

Watts 

10.9 

24*7 

32.9 

47*0 

57.1 

64.0 

41*33 

Watts 

14.1 

32.2 

42.7 

61.2 

74.0 

83.6 

46.67 

Watts 

16.8 

37*8 

49.8 

71-4 

86.2 

96.3 

54*67 

Watts 

20.8 

46.3 

60.9 

85.7 


' 


TABLE IL 


Frequency. 

aB 

30 

39*3 

48.2 

58.5 

66.5 

74-5 

49*7 

Waits 

26.3 

40.5 

54*6 

74 

9* 

ZI3 

70,2 

Watts 

35 

58 

79 

lOI 

127 

152 

90.7 

Watts 

5° 

76 

105 

136 

171 

208 

121.7 

Watts 

70 

105 

144 

192 

235 

284 

134.3 

Watts 

76 

114 

161 

2r3 

263 

3H 


Fig. 6 shows the equilateral hyperbola relating \ and /, 

\ FK a / 


for the data given by Prof. Peukert. 

The experiments just mentioned were made, it must be re- 
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meinbercdj oii a transformer with closed magnetic circuit. It 
seemed desirable, therefore, to obtain similar <iata from a com*- 
mercial transformer. 

The results in T:ible II were obtained from a five kilowatt 
.Stanley transformer. Inasmuch as neither the crosg-section of 
the iron nor the number of turns were known, it was not possi¬ 
ble to determiru^ the magnetic imluction. The (*ore loss in watts 
was therefore luc^asured at different fre<]nen<nos, tor six <lil1erent 



field atrengtlis of the alternator used to extdte the transformer* 
The numberB in the column headed are t!i<n*efore not Ilux: 
densities, but tin? voltages at the, different field strengths at the 
fre<iuencj of bil.T- ThcistJ voltages are proportional to tli« 
magnetic induction in the transformer at tlie <lifferant field 
strengths of the alternator, since tlio magnetic induction is pro¬ 
portional to the ratio of the voltage to the frequenej. Af any 
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other frequency, for the same field strengths of the alternator, 
the corresponding values of the induction will be necessarily 
unchanged, since the ratios of the impressed voltages to the fre¬ 
quency are the same as at the former frequency for each and 
every field strength. 

The data of Table II is plotted in Fig. 7. The formula for 
the core losses was then applied in the same manner as in the 



ease of Fig. 5. The agreement between the calculated values 
and those determined by experiment is again quite satisfactory. 
Fig. 8 shows the equilateral hyperbola, giving the relation be« 

tween /. 
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The close agreement between theory and experiment in the 
results described in this paper go far to indicate that the theory 
•advanced is correct. The subject is so complicatedj however, 
involving as it does the peculiar phenomena of the magnetiza¬ 
tion of iron, that it is manifestly dangerous to jump at conclu¬ 
sions in the matter. Further and more complete experiments 
are at present in progress in this laboratory, with the object of 
throwing additional light upon the subject. 

Alternating Current Laboratory, 

Electrical Engineering Dept., 

Columbia University, 

April, 1900. 
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Discussion. 

Mr. Steinmetz : — I arn sorry to say that 1 cannot agree with 
the conclusions derived by Mr. Townsend, nor with the reason¬ 
ing leading thereto. It seems to me that eddy currents in the 
iron of a transformer are secondary electric currents, just as any 
other secondary electric current, and must therefore follow the 
laws of electric currents; that is, the electromotive force is propor¬ 
tionate to the magnetic flux enclosed hy the current turns,, 
other things remaining the same. The small or large mutual 
induction between the secondary and primary current does not 
affect the law. The mutual induction between the primary and 
secondary may be extremely small. Take, for instance, the case of 
Fig.^ 2 on page 320, where h a o represents the eddy current¬ 
flowing in one of the lamina of the iron. With the thickness 
of the lamina, and the frequency used in commercial trans¬ 
formers, the magneto-motive force of these eddy currents is 
small compared with that of the exciting current. Its m. m. f. 
is not noticeably affected by that of the eddy. If the 
magneto-motive force should be larger than the magneto¬ 
motive force of the exciting current, the same law still 
holds. It is true that experiment shows that the loss of energj 
by eddy currents does not always follow the law of squares, but 
deviates therefrom, but the cause of this deviation can be found. 
In cases where the eddy currents are large, it is the poorly 
laminated iron and the change in the permeability of the iron. 
Another cause is the high temperature coefficient of the iron 
causing a rapid decrease of its conductivity, thereby decreasing the 
energy loss. The total loss in the apparatus when started up fresh 
is very much larger than after it has been warmed up. Another 
cause is the magnetic stray fleld. In a revolving apparatus with 
considerable eddy current losses the total loss of energy is often 
more in proportion to the square law. The beginning of the 
break down of the insulation, and the decreased permeability of 
the iron makes the stray field, and the stray field reaches conduc¬ 
ting masses outside of the circuit. It may very well be that 
these effects combined make the eddy current losses appear 
to follow, as stated by the paper, the law of the 1.6th power. 
This however appears to me an exceptional case. As a rule the 
eddy current losses can be calculated from the electric conduc¬ 
tivity and the thickness of the iron, and compared with the losses 
found by tests over a wide range. In wattmeter readings there is 
a liability to constant error, which apparently changes the law 
followed by the losses. In Figs. 5 and 6, it rather" contradicts 
the law of the 1.6th power. The observed value rises more 
rapidly than the calculated value. Now coming to the theo¬ 
retical reasoning leading up to this 1.6th power, I may remark 
in regard to the statement on the first page, that in.18*99 it was- 
found that fche phase of the exciting current of a transformer 
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was practically independent of the frequenc 3 ^ I noticed that 
thing some years ago, and published it in 1897, that the exciting 
current-phase does not depend on the frequency, nor on the 
shape of the magnetic circuit, the lengtli of the iron and cross- 
section. The formula is given on page 284 of my book. Now 
coming to the conclusion on page 285, leading up to the l.Oth 
power ,Cb should also be a complex harmonic current wave, simi¬ 
lar in shape and following the same laws as those which govern the 
primary current.” This is not the case and cannot be the case. 
The primary current has a very characteristic shape. It tends 
to a peak at the maximum point of induction, is strongly bulged 
out at the ascending side (making diagram). This bulging out 
is due only to hysteresis. The current Ch on pages 284 and 285, 
that is, the eddy current, does not expand energ}^ by liysteresis, 
and therefore cannot have this bulging out at the ascending and 
bulging in at the descending. On the contrary, the effect is to 
decrease the magnetic flux. If it is distorted, the distortion 
should be in the opposite direction, a bulging in on the ascend¬ 
ing side. The Ch does not show a bulging out at the ascending 
side, but is rather slightly bulged in ; consequently it is in ac¬ 
cordance with tlie reasoning I have just stated. Then it has not 
the same shape as hysteresis. This leads up to the conclusion 
that the energy loss of this current is ])roportionate to the energy 
lose of the exciting current, and therefore the l.dth power cannot 
answer. I cannot sec any reason why he should assume that the 
eddy currents follow the 1.6th power. Theoretically they follow 
the square of the frequency and the square of the induction, and 
may deviate therefrom by secondary effects, as cliange of tem¬ 
perature in the iron or change of conductivity and a number of 
other secondary effects. 

Mk. Townsend: —The fii'st part of this paper is given up to 
an explanation intended to account for the experimental results 
which are described in the latter portion of the paper. This 
explanation, as stated, is only offered as a suggestion. Mr. 
Steinmetz has said that he does ixot agree with it, and offers 
another explanation. The remarks he has made, coming as tliey 
do from so distinguished an authority on the subject, no doubt 
carry great weight. There are, however, certain points in con¬ 
nection with the experiments tending to Ix^ar out the speculations 
1 have advanced. 

In the first place, the curve of Fig. 4 is very nearly a fiim|>l6 
harmonic, while that of Fig. 8 is plainly much distorted. These 
distortions mem to me, as the figure shows, to resem!)lo those of 
tlie primary current as closely as might be expected under the 
circumstances. The circuit shown in Fig. 2 is not an al)8olutely 
perfect iinitation of the path followed by the eddy currents in 
an iron sheet, and therefore it would bo unfair to expect a closer 
agreeinent between theory and practice than that which appears 
from the curves. 
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The fact is also noteworthy that the current in the short-cir¬ 
cuit shown in Fig. 3 has practically the same phase displacement 
as the primary current curve. 

These characteristic peculiarities in the different curves were 
observed repeatedly, on different days and under different con¬ 
ditions, and there is little jrossibility of there being any mistake 
about them. 

Me. Stbinmetz: —There is one very interesting fact borne 
out by this paper. In Figs. 3 and 4, I may say, the curve of 
the secondary current should be the same. The mutual induc- 
duetion between secondary and primary are different and the 
conditions are different. The conclusion that this current 
should be proportionate to the exciting current is not war¬ 
ranted, but a very interesting result is brought out. The tests 
agree that the result is 1.6, but theoretically we can say that 
there is inherent reason that they should follow the second 
power, but disturbing influences should make them deviate. 
This paper shows that owing to the phenomena where the dis¬ 
turbance takes place, the result is 1.6. In another case there 
might be a result of 1.7th power or any other power. This is a 
very interesting result, and a very complex phenomenon, but 
you cannot determine a conclusion from individual facts. 
If you can get a very good agreement between experiments 
and tests, then it is a very interesting conclusion. But going 
back still one step further, we know that the hysteresis lose 
follows the 1.6th power, but we know that is not an inherent, 
physical law. It must sometimes deviate from the law. It is a 
somewhat complex phenomenon which can be closely repre¬ 
sented by the 1.6th power, but it is not a physical law. It 
shows that a very complex physical phenomenon can be repre¬ 
sented by simple power law which is correct by approximation, 
over a wide range, as is shown in this paper. 

Pkof. Goldsboeough :—In connection with this discussion a 
point occurs to me which I think has been overlooked bv the 
experimenters. I refer to discrepancies that may be” ob¬ 
served when the fact is neglected that the distribution of flux 
across the core is not uniform. I will make a diagram to bring 
out the point that is in ray mind. In a transformer core, or any 
other core, which, for instance, may be regarded as represented 
by a stamping of this shape (see Fig 9.), in view of the fact that 
the path followed by the flux is much shorter at b than it is at a, 
if we assume the average density through the section (a-e) of 
2000 lines per square centimetre, we may have an actual distribu¬ 
tion of the flux giving a density as low as 1000 lines per square 
centimetre at a, and as high as 3000 lines at e. These are the 
circumstances unddt which readings for hysteresis and eddy 
current losses in a transformer core are always obtained. Sup¬ 
pose now the average density is increased, what will be the dis¬ 
tribution of the flux? The result is to make the distribution of 
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the flux across the core somewhat more uniform, as the permea¬ 
bility of the iron becomes less for the higher density values. If 
we have an average density of 7000 lines in the core, the distribu¬ 
tion will be more uniform than in the first case and the density 
starting at a, at say 6000 lines, would probably run up to a 
maximum of only 8000 lines at e owing to the lower permea¬ 
bility of the iron at e than at a. In consequence the variation 
in the maximum and minimum values attained by the flux are 
respectively less and greater than proportional to the increase in 
the average flux density fi'om 2000 to 7000 lines. Consequently, 
if you were to measure the eddy current losses alone in this 
transformer core, in view of the particular effect to which I call 
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Fig. 9. 

your attention, you would find that as you increase the average 
density in the core, the eddy current losses would increase by an 
amount proportional to something less than the square of the 
average flux density. It might be the 1.9th, or the 1.8th, or the 
1.6th power or less, according to the hind of iron used and the 
variations taking place in the flux distribution. However, the 
actual eddy current losses in the several paths a, b, c, d and e,, 
would all the time be strictly in accordance with the accepted 
rule, and proportional to the squares of the densities actually 
existing along the several paths. 

The same thing applies to the hysteresis losses. In such a 
core, they increase proportionally to something less than the 1.6th 
power of the average core density, owdng to the flux not being 















S34 TOWxVSMNI) ON TRANSFORMEBS, [May 17, 

evenly distributed over the core. The coiabined result is that 
neitlier the hysteresis nor the eddy current losses apparently in* 
crease as rapidly as is to be expecte<l. 

In the paper the author has net>;lected to take ae<H.>iintof this 
uuitter, and has credited to the eddy current losses the entire 
discrepancy; aBSuniing that the hysteresis loss varies as the l.dth 
power of the ai)era<je density under all conditions. As the hys¬ 
teresis loss is always a more prominent factor tliaii the eddy 
current loss, it is not fliirprising tliat, wlien th(‘ errors of measure¬ 
ment of both the major and minor losstvs are phu'ed to the ciHalit 
of the minor loss, the rate of increase in the minor, or eddy 
current loss, sliould appear very mneh less than proportional to 
the s(piare of the atuoux<je core density. 

Tun Ciiaikman: —If there is no further discussion we will take; 
up the next paper by Ur. Sheldon of Bro(d<lyn, on the^Mdn- 
ditions of Electrolytic Corrosion in Brooklyn.’' 



A read at the JJth General Meetings o/ 

the American Institute of Slectrical JSng"in-^ 
eers^ Philadelphiay May i-jthy igoo. President 
Hering in the Chair. 


^CONDITIONS OF ELECTEOLYTIO COEKOSION IN 

BKOOKLYN. 


BY SAMUKL SHKLDON. 

The borough of Brooklyn spreads over 60 square miles, and 
is covered with a network of surface trolley tracks. Daring 
the rush hours about 1,100 cars run upon these tracks and are 
supplied with current from seven power stations, furnishing in 
all 47,000 amperes. Four of these are situated upon the East 
River water front and supply over 80 per cent, of the full load 
•current. The currents return to the power-houses by the fol¬ 
lowing paths: 

First by the rails of this system, which are all bonded to¬ 
gether, different lines employing different bonds. There are, 
for example, the cast weld bond, showing a conductivity of 100 
per cent, or more of continuous rail, the Johnson electric weld 
bond, showing 85 per cent., the R. P. Brown interfoliatod bond 
giving 94 per cent,, and tlie protected rail bond giving varying 
conductivities according.to size of bond and rail. 

The second path of return results from the peculiar geograph¬ 
ical ]) 08 ition of the borough, and the peculiar (conditions of the 
traffic. All of the car lines lead to the Borough of Manhattan. 
During the rush hour at 0 B, M., nearly half of the (‘ars in 
operation at the time are receiving current witlun a radius of 
one mile of the Brooklyn end of the Brooklyn Bridge. At 
this time a large proportion of the currents are returned by 
way of the East River. 

The third path at present takes but a small part of the cur¬ 
rent, and consists in return feeders connected with tlio tracks at 
■various points. 


3S5 
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The fourth path, which it is the intention of the engineers of 
the Brooklyn Eapid Transit Co. to utilize extensively along cer¬ 
tain lines, has become available as a result of the combination 
of the elevated railroad interests and the trolley railroad inter¬ 
ests. It is, namely, the whole elevated structure. This is also 
used at present as a return circuit for the currents used in the 
operation of the few third rail trains which are now upon the 
elevated lines. 

The fifth return path consists of the mains and the service pipes 
of the municipal water department, the mains and service 
pipes of the Brooklyn Union Gas Company, the cables of the 
]Sfew York and New Jersey Telephone Company, and the under¬ 
ground tubes of the Edison Electric Illuminating Company. 

These returning currents setup differences of potential between 
all underground conducting objects. The difference in poten¬ 
tial between any two given points varies throughout the day, 
because of variations of the traffic conditions. In a similar man¬ 
ner it varies with the seasons, and is quite different on Sundays 
from what it is on week days. Furthermore, the potential dif¬ 
ferences are gradually growing smaller in the average, because 
of the better conductivity of the Transit company’s return cir¬ 
cuit. They are also changing because of changes in the distri¬ 
bution of load among the power-houses. 

The difference of potential between the rails and the hydrants 
and the rails and the gas mains varies from a fraction of a volt 
to 25 volts. Between the two ends of the Brooklyn Bridge 
there has been a difference of potential of 20 volts. Each power¬ 
house is surrounded by equipotential curves, and in the immediate 
vicinity of each the fall of potential is quite rapid. 

The city may be divided up into districts, each power-house 
drawing current from a district. The boundaries of these dis¬ 
tricts hold the same position towards the returning currents of 
electricity as mountains do towards the water of a watershed. 
The difference of potential between a point on the boundary of 
a district and the ground in the immediate vicinity of the power¬ 
house supplying that district has been found to reach as high a 
value as 40 volts. 

The municipal water mains pass through nearly all streets of 
the city and vary in size from 48 inches in diameter down. They 
are all made of cast iron. Some are known as Scotch cast iron 
pipes. These were made in Scotland and are of a peculiarly 
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hard and tough cast iron, which exhibits a very white surface on 
fracture, indicating a combination of the contained carbon. 
These pipes can always be recognized by ribs which occur at 
every two feet along the surface, and which are about four 
inches wide. These ribs consist of a thickening of the metal 
intended to furnish a firmer seating and more perfect joint for 
taps and branches. 

Other mains are of American manufacture, are very much 
softer than the Scotch iron, but also exhibit a white surface on 
fracture. The employees of the water department prefer to work 
upon these mains because of the much less labor recjuired to 
opeiate the cutting tools, owing to the relatively greater softness. 
In no ease has an electrolytic corrosion of the water mains been 
discovered in the city, although many cases of corrosion of the 
service pipes have occurred. 

The Brooklyn Union Gas Company has iSSf miles of gas 
mains. These are all made of white cast iron. From them are 
led wrought iron service mains which are supplied with malleable 
iron and in some cases brass fittings. There are 272 miles of 
wrought iron service pipes. These with their fittings have suf¬ 
fered cori'osion in very many eases. Thirty-eight service pipes 
on one block were completely destroyed in three years. How¬ 
ever, not until within a year has any corrosion of the mains been 
discovered, and then in but two cases. In each case the main 
was in an excessively dangerous district. 

The gas company claims that there has been an abnormal in¬ 
crease of leakage since the introduction of electric traction in 
1892. The leakages for various years are not accessible, but dur¬ 
ing 1899 it amounted to 13 per cent, of the total production of 
4,500,000,000 cubic feet. 

The Hew York and Hew Jersey Telephone Company has 
many miles of underground cables, the lead coverings of w^hich 
have been pitted and perforated in many eases by electrolysis. 
The company, however, is fully aware of the possibilities of 
electrolytic corrosion, keeps itself infoi-med of its cables, and con¬ 
cerning the stray currents in their sheathings. 

The Edison Illuminating Company has over 100 miles of 
underground tubing. These tubes have suffered considerably 
from electrolytic corrosion, doubtless resulting in many cases in 
the short-circuiting of the enclosed conductors. 

Considering the magnitude of the system of the Eapid Transit 
Company, considering the time that it has been in operation (the 
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first electric ear was operated in 1892), considering the poorness 
of the ground retnra which existed on parts of the system up to 
within three or four years, it is surprising that no evidences of 
the corrosion of east ii*ou have been discovered with the excep¬ 
tion of the two cases mentioned above. 

The apparent immunity of cast iron was noticed by the Board 
of Commissioners of Electric Subways of the City of Brooklyn, 
and attention was called to the fact in several of their reports. 
These reports indicate that in their opinion the immunity was due 
to the peculiar chemiearconstitutions of the special kinds of east 
iron of which the mains were constructed. It hardly seems 
credible that such a form of iron could exist. 

To experimentally test the matter, samples of Scotch and 
American pipes have been obtained from the water department 
as well as samples of the gas mains from the gas company. These 
have been used as anodes in various electrolytic cells. The elec¬ 
trolytes consisted of samples of earth from various parts of the 
city, moistened in some eases with distilled water, and in other 
cases by hydrant water or salt water. These cells were subjected 
to voltages of various magnitudes. In every case the anode.was 
corroded, showing conclusively that there is no immunity because 
of chemical constitution. 

In preparing some experiments to determine whether or not 
the apparent immunity of cast iron mains was due to an electro- ' 
lytic polarization e. m. e., due to absorbed gases in the pores of 
the rough exterior of the pipes and of sufiScient magnitude to pre¬ 
vent the sending of any considerable current by the stray volt¬ 
ages, the true cause of immunity was discovered. In the casting 
of pipes in-sand molds, the hot iron unites with a layer of the - 
sand to form a silicious compound probably silicate of iron which 
forms a thin coating over the surface of the completed pipe. This 
coating is extremely thin, and is a non-conductor of electricity. 
It is not continuous, but contains perforations in many places. 
If a piece of pipe be covered with insulating paint, exposing only 
the rough sand-pocked exterior surface, and if it be made an 
anode in an electrolytic solution, much less current will flow 
through the solution under a given impressed SiM. e. than under 
similar conditions with an anode exposing a filed surface of 
eq[ual area. In some cases, no current at all will pass until the 
impressed voltage rises to a certain minimum value. If, how¬ 
ever, a current be made to p^s for a few moments under a 
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moderately high impressed e. m. f., the rough sand-pocked sur¬ 
face becomes conducting thronghouh The protecting film .or 
skin seems to act like the non-conducting film thrown down in an 
aluminium cell. The existence of a perforated skin can also be 
shown by endeavoring to close a circuit, which contains a current 
indicating device, by means of a wire on the sand-pocked 
surface. The end of the wire may be rubbed around in many 
places before there is any indication of a closed circuit. Then, 
again, a spot will be found wdiere the circuit is closed, and there 
is no indication of resistance of any magnitude at the point of 
contact. . 

There is another thing which is perhaps equally as influential 
in preventing electrolytic corrosion, and that is the resistance 
ofi’ered by the soil. • The various interested companies have ob¬ 
servers in the field recording the potential differences between 
the rails and their underground system. Whenever the system 
is positive to the rail, the district is considered as dangerous, and 
corrosion is expected. It is well to notice that as corrosion wnll 
result at one side of any discontinuity of a metallic circuit, it may 
be expected to occur even in districts which are not considered 
dangerous. On the other hand, the amount of corrosion which 
will take place in a dangerous district under a giv^n potential 
difference is dependent upon the smallness of the resistance offered 
by the soil. Now the measurement of the resistance of soil under 
laboratory conditions gives information which can hardly be ap¬ 
plied with propriety to street conditions. It is much to be pre¬ 
ferred that the resistance between the tracks and the other 
systems should be measured directly. While it is impossible to 
determine the resistance in such a manner as would enable one 
to calculate the current density at any point, and to ascertain the 
direction of flow lines, yet some idea of the magnitude of the 
ground resistance can be determined in the following method, 
which makes use of a low reading voltmeter (0 to 3 volts), and a 
battery having an e. m. f. of e volts. Let the resistance of the 
voltmeter be It ohms; then at any reading of the voltmeter 0, the 
current which is traversing that voltmeter is 6/It amperes. Now 
to measure the resistance between two points, for example, a 
point on a rail and a point on a hydrant, take the following three 
readings:—with the voltmeter alone connected between the two 
points; E with the battery alone connected to the voltmeter, and 
6 with the battery and voltmeter connected in series between the 
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tw’o points. The effective resistance Xbetween the two points 
is determined by considering that 

E ±E' _ d 
E + X M 

wbence 

^ _ {E ib X') R _ ^ 

Tor ground voltages, which are less than one volt, two cells of 
ordinary dry battery are sufficient. The assumption is made that 
the small current sent by the battery in making the measurement 
does not produce an e. m. f. of polarization of appreciable mag¬ 
nitude. This is unquestionably warranted when we consider the 
exposed area of the pipe or rail, and the smallness of the current. 
Measurements of effective resistance taken at a great many points 
between the hydrants of the water system and the rails in Brook- 
lyn give values lying in the majority of cases between 10 and 35 
ohms. The character of pavements seems to have no great influ¬ 
ence on the resistance of the soil underneath. Measurements have 
been made in the case of asphalt, cobble stone, Belgian block, 
granite block, vitrified brick, and dirt roads. In all cases there 
were variations in resistance with different conditions under the 
same pavements, but the average resistance was nearly the same 
in all cases. 

It is very probable that the current which would flow through 
the resistance indicated by these measurements under a given 
difference of potential would be distributed over a large area of 
pipe surface, and therefore the current density under voltages of 
the magnitude of those which exist in Brooklyn, would require 
a long time to result in destructive corrosion. 

These investigations have been carried out in collaboration with 
Mr. Charles Y. Rapelje. 
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Discussion. 

Dk. Kennelly : — I think there is another reason why the 
service pipes of gas and water systems are much more seriously 
corroded under practical conditions, than the mains, and 
that is owing to the fact that the joints in the mains offer a 
much higher resistance electrically* than the joints which are 
made in service pipe. This is particularly the case with gas 
mains and services, and 1 suppose it is more or less true in the 
case of water mains and services. In the case of gas services, 
for instance, you hnd them almost invariably made with screw- 
joints between the ends of the lengths which are connected 
together. That is to say, a main may be perhaps 30 or 40 
or 100 feet from the meter, and the pipe which connects the 
meter with the main is a small pipe, screwed together in sec¬ 
tions, and the screw-joints are fairly good electrically, so that 
there is very little resistance in that pipe. On the other hand, 
the mains, which may be in ten feet sections, are connected 
together by joints which are electrically very inferior. In order 
to send a current through a system of mains you have to loop 
the current in and out at each joint, to a very considerable ex¬ 
tent. A current through a main pipe can therefore only be 
powerful in the presence of a considerable difference of potential; 
whereas the current in a service pipe may be powerful with a 
relatively small difference of potential. The difference of poten¬ 
tial mentioned in this paper is enormous and ought not to exist 
in any well planned system. 

In any well-constructed system of electric railroad, with well 
bonded track and return feeders, the potential difference can be 
reduced to any reasonable amount that the expense will warrant. 

Mr. JR. T. Loziek :—Some time ago some one advocated an 
auxiliary machine which would so adjust the potential as to make 
the water mains the cathode, and *the rails the anodes, thus 
depositing from the rails on to the pipes instead of vice-versa. 
I should like to ask Dr. Sheldon if this has been a success. 

Dk. Sheldon: —The legal status of the companies in Brook¬ 
lyn is rather peculiar. In the first place, the men who own the 
electric lighting company also own the railroad, and I believe 
there is something in the wind as to the getting control of the 
gas company. The municipal water department has a bond from 
the electric railway company, securing the former against any 
damages which may occur from electrolytic corrosion. Therefore 
the water department will not permit any bonding of its system 
of pipes, nor will it permit any electrical devices to be connected 
with them. I would like to say in reference to Dr. Kennelly’s 
remarks that although the main pipes have a large resistance at 
the joints there is no question but what a large current flows 
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throTigli tlie pipe. Tn the case mentioned in the paper of 38 
service pipes liavin^a^ been destroyed in three years, the conditions 
were rather peculiar. The Brooklyn Union Gas Company is 
formed out of various companies that have been consolidated. 
This corrosion of the service pipes was near the Broadway ferry 
where a great many cars run during the rush hours. The ferry 
is near the Kent Avenue power station. Down Broadway, on 
one side of the street, comes one gas main which then turns the 
corner arid runs towards the power station, coming down the 
same street on the other side is another gas main which turns the 
corner and goes in the opposite direction. To this other main 
were connected the 38 service pipes. In entering the building 
of customers the service pipes passed over the first main and 
were corroded at the place where they passed over. The cur¬ 
rent, which was carried by the main with which they were con¬ 
nected, was returned to the power house by the other main, and 
the rapid destruction was avoided under the advice of their 
electrical engineer by simply connecting the service pipes to this 
other main rather than the first. [Adjourned to Friday, May 
18th, 1900 at 10 a. m. when discussion was continued.] 

Charles J. Keed :—I do not wish to take very much 
time, as there are a good many papers to be read this morning, 
but there is one point in this connection, which seems to be 
almost always ignored, and'l think it is an important one; that 
is the fact that it really requires no electromotive force to cause 
a current to enter and emerge from an iron pipe buried in the 
ground. An infinitesimal electromotive force will make the 
current pass into the iron pipe and out in preference to going 
through the earth. This is due to the fact, as we all know, that 
the ground is a conductor solely in consequence of the fact that 
it contains water and saline solutions, and that wherever a cur¬ 
rent passes from an electrolyte or to an electrolyte there is 
electro-chemical action. The current passing to an iron pipe 
from an electrolyte in solution, that is, containing water, wall 
alwavs evolve hydrogen if there is no other chemical reaction 
possible there which requires the absorption of less energy. If 
the point at which the current leaves the pipe is capable of sup¬ 
plying by its electro-chemical action an equal amount of energy 
or a greater amount, a current will pass in and out of the pipe 
in preference to passing through the electrolyte itself. In the 
case of iron, the oxidation of iron to ferrous hydroxide, 
evolves 68,900 calories of heat. The decomposition of water 
requires, of course, the same energy which is evolved in 
its formation, and that of liquid water is 69,000. This amount 
of energy must be supplied in order to effect the evolution of 
hydrogen and enable the current to pass in and out of the pipe. 
Sot as 408 calories must necessarily come from outside and be 
absorbed in the'form of heat (since that, is used, not electrolyti- 
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cally, but in expanding the evolved gas to atmospheric pressure), 
it leaves the amount necessary to actually decompose water 
68,696. The equivalent electromotive force, required to evolve 
hydrogen is 1.47 volts, and that which the oxidation of the iron 
produces is 1.48. So that instead of an electromotive force 
being required to drive this current through the iron pipe, the 
passage of the current through the pipe produces a slight electro¬ 
motive force; that is, there is some electromotive force added to 
the circuit and there is a tendency for the current to flow 
through the pipe in preference to flowing in the earth near the 
pipe and parallel with it. This, of course, increases the effect 
which Dr. Kennelly called attention to yesterday, of the current 
flowing in and out around an insulating joint, or a joint of even 
a very little resistance; but it must not be supposed that this 
passage of the current in and out is limited to the joint or^ to 
the neighborhood of the joint. If there is a current flowing 
through the earth in a direction parallel with a piece of iron 
pipe, or any other piece of iron, a large portion of the current 
will enter the iron and pass out. We might suppose that where 
the current passes in there would be a tendency to reduce the 
oxide of iron already formed there instead of evolving hydrogen. 
The very fact that the formation-heat of the iron oxide is 
greater than that of the hydrogen oxide, shows that the iron will 
hot be reduced; and even if it were reduced, its tendency to 
oxidise is so great especially in the divided form, that it would 
not stay reduced. The corrosion would therefore go on as if 
there were no reduction. As a matter of fact there could he no 
reduction under those circumstances, unless there was a very 
considerable electromotive force, that is, a very powerful cu^ 
rent. And such reduction, if it occurred, would not retard 

corrosion. , 

Me. Ludwig Hommel: —One or two points occurred to me 
during the reading of this paper. In some cases we notice cables 
and pipes may be negative to the earth and still be positive to 
the rails. Tliis must be due to the condition of the rail system, 
there probably being a break or bad connection in same sorn^ 
where further away from the station, and a good connection with 
the negative side of the dynamo from the place where that is 
observed. I see no reason why electrolytic action should take 
place in such places as that. Also another point occurred to. me, 
bearing on the protection of underground cables. I see that Dr. 
Sheldmi gives several paths by which the current returns to the 
power-house. There is one path which may he used in some in¬ 
stances and which I do not see mentioned here, for protecting 
the cables. In some telephone construction the serial cables are 
spliced directly to the underground cables, and while this may 
not be advisable on account of the danger of burn-outs in the 
underground svstem, in case the overhead system should become 
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crossed with trolley wires or electric light wires, the lead cover- 
ing of these aerial cables can be used as a special return to lead 
back the current from the underground cables to the power¬ 
house, wherever the aerial cables run toward the power-house 
and copper can be saved by doing so. It^ is a small point but 
very often it saves copper, and it might be interesting. 

The Peesident :—If there is no further discussion we will 
proceed with the next paper on the list, by Dr. Perrine and Mr. 
Baum, on ‘‘The XJse of Aluminium Line Wire and Some Con¬ 
stants for Transmission Line.” 



ji paper read at the I^th General Meeting of the 
American Institute of Electrical Engineers^ 
Philadelphia^ May iSth, /goo. President Bering 
in the Chair, 


THE USE OF ALUMINIUM LINE WIRE AND SOME 
CONSTANTS FOR TRANSMISSION LINES. 


BY F. A. C. PEEEINE AND F. G. BABM. 


Until tLe present time, discussions of the use of aluminium 
wire in. line construction have been devoted to a consideration 
of the relative prices of copper and aluminium wires, the con¬ 
ductivity, tensile strength and other proportions of the alumin¬ 
ium wire being only considered as determining its relative 
price. During the past year the manufacturers of aluminium 
have demonstrated their ability to sell this wire at a price well 
below twice the price of copper per pound, and in consequence 
the new material has foi'ced itself upon our notice and has de¬ 
manded that we consider carefully all of its properties inde¬ 
pendent of any consideration of price. Having recently been 
forced into the purchase of a considerable amount of this wire 
by reason of the high price of copper and the low price of 
aluminium, the writers have made a careful study of the wire 
supplied, and now present the results obtained in hope that 
they may be of service to other engineers. 

Some of these results have already been 'published,^ but in 
these publications there have been so many misprints that it 
seems advisable to present the whole matter anew. The line 
for which this wire was purchased is about fortj'-three miles^ in 
length, and the country through which it runs varies in elevation 
from about one hundred feet above the sea level to at least two 
thousand feet; one-h alf lying in almost a straight line through 

1. Tests and Calculations on a Forty Mile Alvuninium Transmission Line. 
F. A. C. Perrine, Pacific Coast Transmission Association. 
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a country almost level, while the remainder is over the monn- 
tains, through which the line runs almost straight, surmounting 
high hills and descending into deep gulches. In some cases 
the lengths of the poles were proportioned to decrease the verti¬ 
cal line deflection, but as an accurate preliminary survey was not 
available, much less grading of poles was possible than would 
have been desirable. This defect in pole setting was largely 
counteracted in the.wire stringing by the drawing of a number of 
spans at one time, so that at depressions and elevations there was 
very little up or down strain put on the wire when it was tied to 
the insulators. The standard pole used was of square sawn 
redwood, thirty feet in length, seven inches square at the top, 
and tapering to twelve inches square at the butt, or about eleven 
inches at the ground line flve feet above the butt. Each pole 
was gained for three cross-arms 20^ inches on centers, the gains 
being cut f inch deep, into which the cross-arms were bolted by 
single f inch through bolts. The arms themselves were 4x4 
inch Oregon pine bored for two pins each, the top and bottom 
arms being three feet in length and the center arm four feet. 
The wires on this system of construction are arranged in a hex¬ 
agon, each side being 24 inches in length. 

This system of construction presents some advantages for 
three-phase working at high voltages for long lines, especially 
where the two sets of circuit are to be operated from the same 
bus bars. If both of the wires on each arm are at the same 
potential, the arrangement of each circuit is that of an equilateral 
triangle, each side being 41 inches, while the minimum distance 
for leakage between any two wires, of different phases is 36 
inches of cross-arm and 20 inches of pole, while the length of 
the longest arm necessary is much less than that in any other 
system of consti’uction; the pole head is symmetrically loaded, 
and for these reasons the pole construction is exceptionally stable 
tinder all stresses. 

The insulators used were a flat topped glass, triple petticoat 
type, about five inches in height and seven inches in diameter,, 
with a wire groove of about .35 inches radius. The insulators 
are supported by eucalyptus pins of a length to give a distance 
of four inches between the bottom of the insulator petticoat 
and the cross-arm, eucalyptus wood having been used on account 
both of its availability in California for a special pin, and on 
account of its great strength, which is of extreme importance 
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in the constniction of pins of such length.^ For farther 
insulation and preservation, the cross-arms used were creosoted 
by a treatment in which the timber was at first dried carefully 
and then injected with ten pounds of, dead oil of coal tar to the 
cubic foot, an operation requiring approximately thirteen hours 
for its completion, while the pins were boiled at a temperature 
of about F. for about eight hours in a compound of coal 

tar and asphaltum, a treatment which gave a better external 
surface than the creosote. This latter coating did not penetrate 
the wood materially, but after experimenting extensively with 
this wood at temperatures up to 225° F. and pressures up to 
160 pounds per square inch without effecting any appreciable 
penetration of this wood, either with creosote or other extremely 
jfiuid materials, all idea of the use of a penetrating compound 
was abandoned, and an endeavor jnade to obtain a coating 
which would provide the most complete exteraal protection. 

On this line as erected, the arms were braced by a bent angle 
iron brace, but this precaution seems now to be entirely unneces¬ 
sary, and a subsequent line belonging to the Yuba I’ower 
Oo., erected on much the same plan, is not braced at all. For 
arm’s of over five feet in length a brace is certainly advantageous, 
though it is the opinion of the writers that for high potential 
service the braces should be of wood mortised into the cross- 
arms and nailed to the pole face. 

The above complete physical details of the construction are 
unnecessary for the discussion of aluminium line wire, though 
it is believed that its stability when erected depends upon a 
careful study of all such conditions. 

The line as erected carried only four wires arranpd on the 
top and bottom cross-arms, thus taking their location at the 
corners of a rectangle 24" on the short side and 41" on the long 
side. This arrangement was adopted for the purpose of making 
temporary use of some two-phase machinery which was in place 
and underloaded, allowing certain new customers to be taken on 
quite a year in advance qf the conteniplated completion of a. 
three-phase plant for which the pole line was really designed. 

It was at first feared that this arrangement of the wires would 
result in inductive disturbances between the phases, as the wires 


1 Tests of a considerable tnimber ot pins made of eucalyptus oak and locust 
show that the eucalyptus has about 30 per cent, more stren^h than locust and 
30 per cent’.'more than oak. .. 
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took their positions in the diagonally opposite corners of a rec¬ 
tangle, in place of the corners of a square, as is necessary for 
complete absence of mutual induction, but the anticipated 
trouble was not found. Careful measurements were made with 
one phase short-circuited and the other carrying about 20 
amperes with a periodicity of 60 cycles per second, both with a 
Weston 75-volt voltmeter and a Rowland electro-dynamometer, 
with the result that no deflection was observable on the volt¬ 
meter, while the current read on the electro-dynamometer 
amounted to only about .001 ampere, the resistance of the dyna¬ 
mometer being 25 ohms and of the line 90 ohms. Only one 
additional question of installation needs attention, which is the 
presence on the tops of the poles of a barbed wire stapled to 
the wood of the pole and grounded at every fourth pole by. a 
galvanized iron wire leading down along the pole and soldered 
to an iron plate 18 inches square and i inch thick, set in the 
pole hole immediately under the foot of the pole itself. This 
wire was intended as a lightning guard, and it has apparently 
done very effective service in discharging the line in all weather. 

The wire used was intended to be equal to Ro. 3 b and s 
copper wire in its electrical resistance, and the manufacturers 
were required to furnish this conductivity in a wire not weigh¬ 
ing more than 420 pounds per mile. All the wire supplied was 
carefully inspected by Dr. A. E. Kennelly, and his reports give 
the following averages for the total quantity:— 


Diameter.293.9 mils 

Wt. per mile.419.4 lbs. 

Resistance per mil foot..... 17.6 ohms at 25® 0. 

Resistance per mile at 25° 0. 1.00778 ohms 

Conductivity compared with copper. 59.9^ by dimension 

Tensile strength of wire.1649 lbs. 

No. of twists in six inches .for fracture. 17.9 

Tensile strength per square inch..32898 


Comparing this with copper it is seen that this wire is approx¬ 
imately the same as copper in the following sizes:— 

Size of aluminium wire = No. 1 B & S copper 
Resistance of “ = No. 8 “ “ 

Tensile strength “ “ = No. 5 

Weight of “ ‘‘ = No. 6 “ “ 

Therefore on the basis of the same conductivity the alumiuium 
compares with copper as follows :— 
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Diameter for the same conductivity 1.27 times copper 

Area .. » 1.64 “ “ 

Tensile strength “ “ .629 “ “ 

Weight “ “ .601 “ 

The mechanical properties of this wire present some well 
marked characteristics. In the first place, the number of twists 
necessary for fracture varies considerably, although the ductility 
test of wrapping six times around its own diameter, unwrapping 
and wrapping again is well sustained. This irregularity iu the 
twisting test is generally a mark of impurity in wire, but we 
know so little as yet of the exact characteristics of aluminium in 
pai'ticular, and the twisting test is in general so unreliable that 
it is unsafe to base any exact statement on this one test, par¬ 
ticularly as the same after erection proved reliable. In carefully 
performing the test for tensile strength no exact point could be 
assigned for the elastic limit, as the metal seemed to take a 
pennanent set almost from the first, but at a stress of from 
14,500 pounds to 17,000 pounds per square inch, there is a 
marked increase in the permanent set which indicates that the 
safe working load lies somewhere in this region. In this the 
characteristics of the aluminium do not dift’er materially from 
those of copper or other similar metals, and while this is a dis¬ 
advantage it is not a singularity. 

The fact that the wire will permanently elongate if seriously 
strained, makes it necessary to use the utmost care in the erection 
of lines, and also the known high coeflacient of expansion with 
temperature changes taken in conjunction with this property 
. renders care in line stringing especially important and difiicult. 

For the purpose of ascertaining exactly what were the changes 
with temperature that might be anticipated, the Pittsburg Reduc¬ 
tion Company undertook a series of experiments by means^ of 
the observation of 200 feet spans of wire at temperatures varying 
between 6'’ F. and 55° F., and at the same time the authors carried 
on a similar series of experiments on a 150-feet span at the 
Leland Stanford, Jr. University in which the temperatures varied 
between 20° F. and 80° F. From the results of these experi¬ 
ments a coefficient of expansion with temperature was obtained, 
which was used in calculating sets of tables for the ihstiuction 
of the line foreman which gave the tensions and deflections at 
the different temperatures encountered. These tables were cal¬ 
culated by use of the ordinary approximate formula for the 
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tensions and deflections of a suspended wire, and tlie method 
used for obtaining the coefficient of temperature expansion 
removes the usual objection to the formulae that they do not 
take into account the elasticity of the wire itself, which produces 
serious errors if an attempt be made to use the true coefficient 
of linear expansion by changes of temperature. In fact, the 
coefficient of linear expansion obtained from these experiments 
is less than one-lialf the value of the true coefficient of linear 
temperature expansion, but its use is justified by the fact that 
the tables as calculated have been frequently verified experi¬ 
mentally, both at the testing stations and in the field, while the 
line was being strung. A comparison of the calculated and 
observed results obtained by the Pittsburg Eeduction Co. is 
given below in Table No. I. As a result of these tests the above- 
mentioned company have issued a table of deflection tensions 
and temperatures which is given in Table No. II. 

TABLE I. 

Comparison of Observed and Calculated Deflections of Aluminium 

Wire. 


,C = No. 2 X B Aluminium wire 
D =5 No. 2 Pure “ 

G = No. 10 X B “ 

H = No. 10 Pure “ “ 

February 4th, 1899. 


Upper figure is the Observed Deflection. 

Lower “ “ “ Oaloulated “ 

From the results of the experiments made at the Stanford 
University a table was calculated in accordance with which the 
line under discussion was strung. Table Uo. III. 

Attention must he called to the fact that while the minimum 
temperature given in the table used in California is + 20® F., 


Temp. 

C 

D 

G 

H 

o« 

2X 

20g 

20% 

*0% 


20% 

20% 

20% 

20% 



, 

24 

24% 

24 

24% 

20® 

28 

26% 


27 


28% 

28% 

28% 

28% 

30" 

31H 

30% 

30% 

30% 

3 ^ys 

31% 

3 m 

31% 

4o» 

34H 

34% 

34% 

34% 

35H 

35% 

35% 

35J? 

S0« 


37% 

37% 

37% 

38% 

38% 

38% 

38% 

<5o« 

4 tK 

40% 

40% 

4'^ 

4 on 

40% 

4C% 

40% 




^ABLB OF Deflections and Tensions for Aluminium Wirb. 
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that given by the Pittsburg Eeduction Oo. is = — 20‘’ F. These 
different minimum temperatures are made necessary by the con¬ 
ditions under which the wires are to be strung, and they in- 
di^te merely the starting points of the tables; counting from 
this point it is seen the maximum difference in deflection for 
the two tables is 4^ inches for the 200-feet span at a temperature 
rise of 100 degrees above the munimum. "W^hile this difference 
in deflection is not beyond the errors in the thermometer and 
deflection observations in the field, it is the belief of the writers 
that Table Eo. II is the more reliable on account of the fact 
that it was deduced from a larger series of observations made 
under the more favorable circumstances. 

A copy of Table No. Ill together with the following instruc¬ 
tions was issued to the line foreman, who was also provided 
with a thermometer, a dynamometer and a pair of targets for 
measuring the deflections. 

Instructions to line foreman in stringing wires :_ 

1. All spans are to be strung with deflections and tensions as 
specified in table. 

2. Up and down hill spans to be sprung to correspond with 
level spans. In case level spans cannot be used, then employ 
dynamometer, and ease all wires over cross-arms. 

3. All ties are to be made at one time by signal. 

4. All ties are to be made by crossing wires around insulator 
serving three times around wire, and twisting behind insulators; 
the ends of the tie-wires are not to be cut, but bent back toward 
insulators. 

5. Tie all wires on the outside of the insulators, except at 
comers where all are to be tied so that the strain is against the 
insulator. 

6. Joints are to be made by means of sleeves twisted two and 
a half times, the ends of the wires being given one turn by hand 
around the wire. No tools are used, except in twisting the 
sleeves and cutting off the ends of the wires. Before inserting 
the wire in the sleeve, the ends of the wire must be roughened 
by draw filing. 

7. Barbed wire is to be laid along the roofs of the poles and held 
by three staples driven in tight, but without kinking the wire. 
Ground wires are to be soldered to the barbed wire and at the 
bottom of the pole to the wire leading from the ground plate. 
All soldering acids must be carefully washed away after the sol¬ 
dering is done. 
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8. Beginning between poles one and two, all wires are to be 
barreled by shifting one pin, and same to be repeated between 
poles 21 and 22 and 41 and 42, and so on. Barreling always in 
the same direction of twist every twenty poles. A record must 
be kept of the location of every wire and every pole. 

General Caution. —The greatest care must at all times be 
taken against kinking or scarring the wire; wherever the wire 
is accidentally kinked or scarred it must be cut and spliced. 

The targets mentioned above consisted of light sheet iron 
strips about two feet long and two inches wide, with an alumin¬ 
ium hoop bent into an eye at the top, by means of which they 
could be hung from the line wire. These targets were painted 
in three or four colors, with bands one inch wide. In use, the 
captain of the linemen would hang his target on the wire to 
which a man on the next pole had also hung a target; then, as 
the wire was being pulled into place, he would sight from a band 
on his target to the same band on the adjacent target, and when 
the wire came into line with these two bands the signal would be 
given for all the linemen to tie at once. As a result of this 
method of stringing, an exceedingly uniform line and one strong 
in accordance with the temperature was obtained. 

One of the most serious problems in connection with the use 
of aluminium is in the choice of a proper joint. This metal is 
so highly electro-positive that it is unsafe to expose it to the ele¬ 
ments in contact with any other material, as electrolytic corrosion 
is almost sure to follow such construction. Many of the failures 
which have been reported of this metal have been due to a 
neglect of this fact; as notably in the case of the plates on the 
yacht Defender^ where the plates have been corroded at the 
contact with the bronze rivets used in fastening them to the 
frame. Whenever this metal is soldered or used in contact with 
any other metal, the joint should be thoroughly waterproofed to 
prevent such action. After discussing many joints, it was finally 
determined to abandon any attempt to solder or clamp the wire 
in any manner, and the joints were made by slipping the ends of 
the wire into an oval aluminium tube about nine inches long, 
which was then twisted with a pair of clamps similar to those 
employed in twisting the Mclntire connector. After twisting 
the tube a turn was taken by hand of the loose ends and the 
wire cut off close. The joint produced proved practically equal 
to the original wire in both tensile strength and electrical con¬ 
ductivity. 
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This wire was erected during the winter of ISQS-OO, which 
was an unusually open winter over the whole State of California, 
allowing practically continuous construction work, though the 
temperature varied all the way from about 30° F. to 80® F. at 
times when the wire was being strung. After it was finally 
erected it remained about three months on the poles before the 
machinery was delivered and put in place. During the first 
month of that time three breaks occurred which were all appar¬ 
ently due to flaws in the material, but after these breaks were 
repaired the line wire gave absolutely no trouble whatever, 
though various accidents occurred to other parts of the construc¬ 
tion. Many insulators were shot at and broken, bale wire and 
bale rope was thrown over the line, a twig short-circuited one 
phase and fell down burned, a large bird was killed by contact 
with the wires, and finally several porcelain insulators with por¬ 
celain pins were broken off and hung suspended by the wire. 
In January and February of the present year this whole line 
was taken down to give place to a much heavier one of the same 
material, an opportunity for such a total change having been 
found after the total destruction of the power-house by fire last 
November. 

During the past two years other lines of aluminium wire have 
been erected on the Pacific coast, all but one of which have 
given a considerable amount of trouble from causes that are not 
entirely apparent. 

One line in Nevada County, erected at about the same time as 
that we have been describing, and for which the wire was of 
practically the same lot, has given no trouble whatever. 

The power transmission lines of aluminium wire about Seattle 
have broken a few times, but have not given serious trouble. 
The breaks in this line, so far as the writers have been informed, 
seem to have been due to not allowing enough sag at the higher 
temperatures, and a consequent overstraining of the wire in cold 
weather. 

The most serious difficulties have been encountered by the 
telephone company in Washington and Oregon and by the Yuba 
Power Oo. In all of these cases it seemed almost impossible to 
keep the wires on the poles in certain sections, and in these sec¬ 
tions the lines have been finally taken down and replaced by 
other wire of either copper or aluminium. The writers have ex¬ 
amined many breaks from these lines, and would judge, from the 
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appearance of the fracture, that the cause, whatever it may be, 
was similar. In those breaks there are many small flaws, but by 
far the greatest majority are clear, sharp fractures, with but a 
slight reduction of area, and that entirely on one side, a break 
very characteristic of improperly mixed and brittle alloys. Par¬ 
tially from the appearance, of the fracture and partially from the 
facts that the breaks occur only in certain sections of the line, 
the writers are of the opinion that this trouble is due to the pres¬ 
ence of impurities in the material. This view is strengthened 
by the fact that when measurements were made on the line of 
the Yuba Power Co., the resistance of the whole line was found 
to be 10 per cent, greater than it should have been if it were 
made of the quality of material described in the eaidier part of 
this paper. Furthermore, in one-half of this line there were 
no breaks at all due to defects in the wire itself. 

‘As a general conclusion, it is the opinion of the writers that 
aluminium can be safely used in place of copper where the 
proper precautions are taken in inspecting the wire before it is 
erected, and in erecting it with due consideration of its peculiar 
properties of low and indefinite'elastic limit, high coeflScient of 
temperature expansion and active electrolytic power. 

Indicating our faith in this opinion, it may be noted that for 
the new line soon to be erected an aluminium strand | inch in 
diameter has been ordered. This strand will be sj^liced with 
aluminium sleeves, and in the whole construction about one 
million pounds of aluminium will be employed. 

ExPEJBIMEJSfTAL AND MATHEMATICAL DkTEEMINATION OF LiNE 

Constants. 

Opportunity was given to test the line described above and 
also another aluminium line 62 miles in length,No. 4 b. ands. wire. 
These lines were tested for capacity, self-induction, mutual in¬ 
duction, ohmic resistance and insulation. 

As there has been some difference of opinion among electri¬ 
cal engineers as to the charging current or capacity current of a 
three-phase line, great care was taken to accurately determine 
the capacity of a line when arranged, as is usual in practice, 
with the wires on the corners of an equilateral triangle. If the 
line capacity may be considered as connected between the wires 
A, the charging current in one wire would be times the 
charging current of a single-phase line for the same voltage and 
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distance between wires. On the other hand, if the line capacity 

2 

is star connected, the charging cirrrent of one wire would he-j^ 

times the charging current of a single-phase line for the same 
voltage and distance between wires. To determine which of 
the above is the correct assumption, it was only necessary to 
charge the three wires with three-phase potential and measure 
the current in one wire, then disconnect one wire from the po¬ 
tential source and read the ammeter again. All the measure¬ 
ments indicated that the line capacity is to be considered as star 
connected. 

The method used to determine the line capacity was to insulate 
one end of the line and to charge the line with three-phase po¬ 
tential from the other end. To measure the potential applied, a 
Weston 150-volt voltmeter, which was checked before and after 
the experiments, was used. To measure the current a special 
Rowland electro-dynamometer was used. The instrument was 
calibrated and frequently checked in the position used, by send¬ 
ing a current through it and a known non-inductive resistance 
•by a known potential difference. The leakage current over the 
insulators could be neglected. For convenience, safety, and to 
eliminate errors, a low potential, 130 to 200 volts, was applied 
to the line and the ammeter connected directly in series with 
one line wire. The results obtained for the capacity of a three- 
phase line experimentally agree with those obtained by calcula¬ 
tion. Ro disagreement with the conclusion has yet come to our 
notice, although the charging current has been subsequently ob¬ 
served with voltages as high as 25,000, and no disagreement is 
expected in the line at present being erected; the potential of 
the line is to be above 40,000 volts between wires, the wires 
being f" aluminium cables with 42" between centers. 

The method used in making these calculations—which is here 
given—is believed to have an advantage of simplicity over the 
method due to Oliver Heaviside, now generally used for calcu¬ 
lating the electro-static capacity of transmission lines. It will 
be found to give a solution for all cases found in practice with 
little labor. 

In calculating the capacity of a condenser, the plates are as¬ 
sumed charged with equal and opposite quantities of electricity 
and the potential difference between the plates is calculated;. 
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the capacity of the condenser being defined as the ratio of the 
quantity of electricity on one of the plates to the difference of 
potential between them. 

Take, first, the simple case of two wires suspended in free 
space, Fig. 1. Charge wires with -j- Q and— ^ units of electricity 
per unit of length of line. The potential difference between wires 
A and B may be found by moving a unit quantity of electricity from 
the surface of a to the surface of B,or, since there is a plane of zero 
potential midway between a and b, we may move the unit charge 
from o to the surface of b. ‘This will give the papacity between 
B and the mid-plane. 





Fio. 1. 


The force acting on the unit quantity at the distance x from 
B is 


i^ = 


— 2Q— 2Q 

X d — X 


( 1 ) 


Multiply by — dx and integrate between the limits a? = ^ and 

m r {r radius of wire). 

We get 


d d 



= (I) — 2® log (f) — 2<) log(l) + %{<* —•') 

= s«iog(£^) 
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Or, since for serial lines r is small in comparison with d, we have 
V = 2$ log and the capacity in electro-static units he- 
tween b and the mid-plane per unit length of line is 



The total potential between the two wires is 

F= .0^. 

and therefore the capacity between the wires 



Fig. 2. 


It will simplify matters some when we come to multiphase 
circuits to consider the capacity (7ab between the two wires aa 
made up of two capacities, G equation (3), connected in series 
from A to B, as in Fig. 2. 

From the above proof it follows that in calculating the capacity 
of different systems the following general proposition may be 
made regarding the work done in moving unit quantity of elec¬ 
tricity from one point of an electrostatic field to another, the 
field being due to a charged wire, the wire being considered 
infinite in length : 

The work done in moving unit qucmtity of eleetricity from 
one point of an eleotrie field to (mother against the force due to 
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a charged wire is equal to twice the quantity of electricity on 
the wire times the logarithm of the ratio of the initial to the 
final distance of the unit charge from the wire. If there are 
several wires in the field the algebraic sum of all the terms 
formed as above will give the worh / the sign of each term is 



Fig. 3 . 


determined by the sign of the quantity of electricity on the wire 
in question. 

As an illustration of the above let ns find the effect of the earth 
on the capacity of two wires distanced A above its surface. Fig. 3, 
Move the unit quantity of electricity from the surface of a to b* 
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The work done against the force due to a is 

-2eiog(')= + se 
the work done against b is 

+ 2$ Jog p, 

the work done against a‘ is 

+ (WW) = “ (!«+£■) ; 

the work done against is 

-2eiog(i^W_±A'j 

The potential between a and b is the sum of the abowe four 
terms ; this gives ns 

r = 46 [ log - log ( y 1 _|_ , giving 

*['»« (^)-l»«(/l+)^)’ 

As will be seen by comparing with equation (4) the influence of 
the earth on the capacity of aerial lines may be generally 
neglected. 

TVheneyer the wires of the circuit are symmetrically placed 
with respect to a plane, this is a plane of zero potential; when¬ 
ever the wires are placed symmetrically with respect to a line, 
this will be a line of zero potential. It is assumed in the 
above that there are no other wires very near the wires of the 

* This should be —2 gioge . but r may always be neglected in 

comparison with d for arial lines. This assumption is made throughout the 
paper. 
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circuit. In sucli cases—practically all transmission lines—it is 
usually simpler to calculate the capacity between one wire and 
the plane of zero potential or between one wire and the line of 
zero potential. 

Three-phase transmission lines are usually arranged with the 
wires on the corners of an equilateral triangle , this arrangement 
gives a line of zero potential at the center of the triangle. For 
this case we may calculate the capacity between one wire (a) and 
the center point o, Fig. 4. The instantaneous quantities of 
electricity on wires a, b and c will be Q sin cot^Q sin {co t — 120®) 
and Q sin {o) t — 240®) * respectively. With the aid of the 


Fig. 4. 

above corollary, calculate the work done in moving unit charge 
from o to A. 

This gives 

V = 9iQ mi (ot log ^ — 120®) log + 

2^ sin (g; ^ — 240®) log 

= 2Q sin (o t log capacity per unit length of 

line is 

yy — - 1 ^ • the same result for b and c. 

2 i»g. (7) 

The result gives the capacity arranged as in Fig. 5, which, 
agrees with experiment. 
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TABLE lY. 

Capacity in Micro-Farads and Charg. Cur. per mile of circuit for three-phase 

system. 

Line e.m.p. —10.000 volts. 60 p.p.s. 


Size 

B.&S. 

Diam. 

in inch. 

Distance 
d ' 
in inch. 

Capacity 

c 

M. F. 

Charg. 
cur. in 
Amperes 

Size 

B. & S. 

Diam. 

in inch. 

Distance 

d 

in inch. 

Capacity 

c 

in M. F. 

Chars;, 
cur. in 
Ampere- 

oocx> 

.46 

12 

.0226 

.0492 

4 

.204 

12 

.01874 

.0408 



18 

.0204 

.0447 



i8 

.01726 

.0377 



24 

.01922 

.0418 



24 

.01636 

•0356 



48 

.01474 

.0364 



48 

.01452 

.0317 

000 

.41 

X2 

.0218 

.0474 

5 ; 

.182 


.01830 

.0399 



t8 

.01992 

.0414 



18 

.01690 

.0368 



24 

.01876 

.0408 



24 

.01602 

•0349 



48 

.01638 

.0356 



48 

.01426 

,0311 

00 i 

•36s 

12 

.0214 

.0465 

6 

.162 

12 

.01788 

.0389 



18 

.01946 

.0423 



18 

.01654 

.0360 



24 

.01832 

.0399 



24 

.01560 

.0342 



48 

.01604 

•0349 



48 

.0140 

.0305 

0 

•325 

12 

.02078 

•0453 

7 

.144 

12 

.01746 

.03P9 



18 

.01898 

.0413 



18 

.01618 

.0352 



24 

.01642 

.0379 



24 

.01538 

•0335 



48 

.01570 

.0342 



48 

.01374 

.0290 

I 

.289 

12 

.02022 

.0440 

8 

.128 

12 

.01708 

.0372 



18 

.01952 

.0403 



18 

.01586 

.034' 



24 

.01748 

.0380 



»4 

.01508 

.0328 



48 

.0154 

•0337 



48 

.01350 

.0294 

2 

.258 

12 

.01972 

.0372 

9 

.xr4 

12 

.01660 

.0364 



18 

.01818 

•0305 



18 

.01552 

.0337 



24 

.01710 

.0372 



24 

.01478 

.0317 



48 

.01510 

.0328 



48 

.01326 

.0289 

i 3 

.229 

12 

.01938 

.0421 

to 

.Z02 

12 

.01636 

•0356 



18 

.01766 

•038s 



18 

.01522 

.0329 

1 


24 

.01672 

.0364 



24 

.01452 

.031U 

I 


48 

.01480 

.0322 



48 

.01304 

.0284 


Basis of Table. 


^ = -tyt’ 

2 ic*. (f) 

in electro-static units per cm. of circuit. 

_ 0.0776 X L ^ 

~ 3 log,„ {±) 

in micro-farads bet. one wire and neutral point for L miles of circuit. 

. EX OX27rXf 

Charg. cur. per wire =- 73 =- 

^ V 3 X 10« 

d = distance bet. wires, (inch). 

T =r radius of wire (inch). 

Z = length of circuit in miles. 

E = E.M.P. bet. wires. 

/ = cycles per sec. 

O = cap. in m.f. bet. one wire and neutral pt. 

_ 2 

Charg. cur. three-phase — (= 15.5^ X charg. cur. sing, phase for 

same d, r. X, and E. 
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If the wires are arranged on a straight line and not transposed, 
the line of zero potential moves harmonically between the two 
points midway between the two outside wires. The capacities 
between any two of the wires may be found by the method given, 
the unit quantity being moved from the surface of one wire to the 
surface of the other. If the wires are transposed, the capacity of 
the line may be approximately determined by adding the 
capacities of the several sections. The capacity for any arrange¬ 
ment will not differ greatly from that given for the wires 
arranged as in Fig. 5, Table 4 has been prepared for convenience; 
the capacity in microfarads and the charging current per mile 
with 10,000 volts between wires are given for a frequency of 
60 P. F. 8. 



The self-induction of the line experimented upon was deter¬ 
mined by short-circuiting the line at one end and measuring the 
current produced by a known potential. The observed result 
agreed with the calculated value. 

The self-induction of one wire of a three-phase circuit arranged 
on the corners of an equilateral triangle is usually calculated by 
assuming the other two wires as a return at a distance d. To get 
the inductive drop between two wires, the self-inductions are 
combined geometrically. This is correct, but as no mathematical 
proof has come to our notice, one is here given : 

The wires are arranged as in Fig. 4, the currents in a, b and 
0 being 1 sin o) I sin {cd t — 120^) and I sin (o) t — 240®) 
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respectively. The number of lines of force threading a b per 
unit length of line at time t is 

iTab = sin CO t log ^ ^ — 

[2 /sin t - 120°) log (^) + 

(Wire 0 has no effect on looop a b.) 

= 2 4/-3 [ log + i] ^ sin t + tan ; 

giving for the self-induction of a b for length of line l 

X„ = 2^8[log(^) + yxi. (7) 

Table 5 gives values for Zab for one mile of circuit for 66 p. p. s. 

The self-induction of one wire considering the return at a dis¬ 
tance c^.is 

Z. = 3[log(f) + |] (8) 

Equation (7) may be obtained from (8) by combining and Zb 
geometrically. 

If the wires forming the circuit are arranged in a straight line 
and transposed, each wire taking the center pin for the distance, 
wire c will have no effect on the loop a b. • Arranged in this way 
the wires a b will he apart distanced d for two-thirds of the length 
of the line and for the remaining one-third. The self-induc¬ 
tion of the loop A B is, then : 

This shows that aside from the question of transposing there is 
some advantage in arranging the wires on the corners of an equi¬ 
lateral triangle. 
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TABLE V. 


Inductance per mile of circuit for three-phase system. 60 p. p. s. 


Size 

B. &S. 

Didin. 

in inch. 

Distance 

d 

in inch. 

Self. Ind. 

^ab 

Henrys. 

Induc- 
tance 
'"ab XaTT 
X 60 
Ohms. 

Size 

B. &S. 

Diam. 

in inch. 

Distance 

d 

in inch. 

Self. Ind. 

•^ab 

Henrys. 

Induc- 
tance. 
^abX 2 71 

X 60 
Ohms. 

oooo 

.46 

12 

.00234 

0.884 

4 

.204 

12 

.C0280 

7-057 



18 

.C0256 

.967 



18 

.003CO 

7-733 



24 

.C0270 

1.015 



24 

.00315 

1.189 



48 

.00312 

1.178 



48 

.00358 

7*357 

ooo 

.41 

12 

.00241 

.910 

5 

.182 

12 

.00286 

i.c8o 



18 

.00262 

.989 



18 

.00307 

7.159 



24 

.00277 

T.046 



24 

.00323 

7 . 2^0 



48 

.00318 

1.201 



48 

.00356 

7-344 

oo 

.365 

12 

.00248 

•937 

6 

.162 

12 

.00291 

1.098 



18 

.00269 

T.016 



18 

.00313 

i.iSi 



24 

.00283 

1.076 



24 

.00329 

1.243 



48 

.00330 

1.246 



48 

.00369 

7-393 

o 

.325 

12 

.OC 2 S 4 

•959 

7 

.144 

12 

.00298 

7.725 



18 

.00276 

T.042 



18 

.0031Q 

1.204 



24 

.00293 

i.io6 



24 

.00336 

T.269 



48 

.00331 

1.250 



48 

.00377 

r.423 

I 

.289 

12 

.00260 

•983 

8 

,128 

12 

.00303 

1.144 



18 

.00281 

i.c6i 



18 

.00325 

T.227 



24 

.00708 

7.125 



24 

.00341 

1.288 



48 

.00336 

1.276 



48 

.00384 

1.450 

2 

.258 

12 

.00267 

1.008 

9 

.114 

12 

.00310 

1.171 



18 

.00288 

T.088 



18 

.C0332 

1.253 



24 

.00304 

1.148 



24 

.00348 

7-374 



48 

.003:14 

1.299 ! 



48 

.00389 

1.469 

3 

.229 

12 

.00274 

7.03s 

10 

.102 

12 

.00318 

1.201 



18 

.00294 

T.TIO 



18 

.00340 

1.2^4 



24 

.00310 

T.I7I 



24 

.00355 

7.340 



48 

.00351 

^•335 



48 

.00396 

7-495 


Basis of Table. 


•^ab = 3 '/T 


(t) + 

_ 0.434 


J_ =± self ind. in C. G-. S. units for looj 

4 


a, h. (pec. cm.) 

= 0.000558 


2.303 


logio 



A, in henrys. 


Inductive drop in loop db — Aab X ^ ^ X X 

d = dis. bet. wires (inch). 

T = rad. of wire, “ 

L — length of circuit in miles. 

f = cycles per sec. 

I B= current in one wire. _ 

For self ind. of one wire divide Aab by V ^ 


Eegtjlation of Transmission Lines. 

The question of the regulation of the system for possible power 
factors is important. Knowing the probable power factor of the 
load the line-drop may be calculated, thus determining the amount 
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of regulation which must be allowed. If there are several sub¬ 
stations at different distances from the generating station to be 
supplied, the regulation to be allowed in each sub-station should 
be calculated. As the charging current of the line has an im¬ 
portant bearing on the regulation of the system this question will 
be discussed. 

At the present time there are two methods for determining the 
effect of the capacity current of a line on the voltage of the re¬ 
ceiver. In the method most commonly used^ the line capacity 
is assumed to be concentrated at one point, or for longer lines, 
the capacity is divided into several parts and these several capac¬ 
ities are connected across the line at various points. The pres¬ 
sures consumed over the line are then added geometrically to the 
receiver pressure. In the second method—involving hyperbolic 
functions—the algebraic results are worked out for distributed 
capacity. Both these methods are open to objection: 

The first because for long lines—75 to 150 miles—it is quite 
laborious. The second method, while it is accurate and would be 
the only method to use if our transmission lines were several 
hundred miles in length, has the disadvantage that the equations 
come out in such form as to be practically meaningless to any but 
trained mathematicians. Most men do not like to use formulae 
blindly: that is, formulae which cannot be analyzed and each 
term given some physical meaning are not popular with prac¬ 
tical men. 

The method here given is a modification of the first mentioned, 
and will be found to give results, for distances up to 200 miles 
and possibly 300, as accurate as we could get by actual measure¬ 
ments on the completed line with the best instruments at pres¬ 
ent available for measuring alternating currents. Only one as¬ 
sumption is made that is not absolutely correct: The charging 
current per unit length of line is the same at all points of the 
line. 

The error involved in this assumption can be very easily deter¬ 
mined. The rise in voltage—with receiver circuit open—over a 
transmission line about 60 miles in length, and‘about 30'' be¬ 
tween wires, is about one per cent, at 60 p. p. s.; the percentage 
rise being practically independent of the voltage applied to the 
line. The percentage rise in voltage varies, as will be shown, 
prac tically as the square of the length of the line and the square 

1 See ^‘Alternating Current Phenomena,” by C. P. Steinmetz, p. 153. 
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of the frequency. For the same frequency there will be a rise 
of about 4.% over a line 120 miles long. This means, of course, 
that the charging current per unit length of line will be 4^ 
greater at the receiver than at the generator. The percentage 
rise in voltage if this extra current be taken into account will be 
less than 

e <4:% {1 + .04) < 4.16^ ' 

That is, the error made is less than .16 of one per cent, of the 
line pressure. The error will reach one per cent, when the 
transmission line has a length of about 200 miles. 

Aside from the above the regulation of step-up and step-down 
transformers and generator enter the calculations for the regula¬ 
tion of the system, and since the self-induction of these is usually 
several times larger than the line of self-induction and is known 
only approximately—especially the generator self-induction it is 
needless to strive for great accuracy in the line calculations. 

From the above considerations it will be evident that for an 
open-circuited line the charging current may be considered the 
same at all’points of the line. 



Fig. 6. 


In Fig. 6. let 

r = resistance per unit length of line. 

I = self-induction per unit length of line. 

G == capacity ‘‘ 

i = charging current 

Eq = E. M. F. at terminals of generator. 

E = receiver e. m. f. 

0 ) = frequency. 

L = Total length of line. 

The charging current crossing the element of line d x dis¬ 
tance X from the receiver is 

4 = —Ej cx to 

_ J 18 an operator to show that the current is 90° in advance of 

the pressure.) 
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The E. u.-F.de consumed by the element of line ddcis (receiver 
open-circaited) 

de — jSGO) x{r—jl a))dx (10} 

Integrating this between the proper limits we get 

= ( 11 > 

In the last equation, is the charging current, L is the self- 
induction, and R is the resistance of the total length of line. 

From equation (11) we see that if the charging current were the 
same for each unit length of line it would be mathematically 
correct to assume the line capacity concentrated at the center^of 
the line, that is, at the center of gravity of the capacity load. 

The percentage rise of potential will he practically equal to 

, GoiLoilQO 
=- 2 - ’ 

in which O is the total capacity of the line. 0 and L are pro¬ 
portional to the length of line, and hence, the percentage rise in 
potential varies practically as the square of the length of line and 
the square of the frequency. 

From equation (11) we get for the generator pressure 

E, = E-i-e = R—j 4 ? {E—jL co) ( 12 ). 

As has been shown, may be calculated by the equation 


i, = £:gco 

Iq = JEqGco 

without appreciable error in the result of the percentage rise in 
pressure- 
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Grraphically, equation (12) is as represented in Fig. 7. 

0 a ■=^ E receiver. 

. . /ci? 

ah- — j • 

Y, 

0 0 ^ Eq at terminals of generator. 

Suppose, uow, we consider the receiver circuit loaded, and calcu¬ 
late the error made by assuming the charging current the same 
at all points of the line. Let the generator pressure be p per 
cent, higher than the receiver pressure, that is, 



Fia. 7. 


and assume that the potential along the line falls on a straight 
line from generator to receiver. (The true error will be less than 
that calculated with this assumption, since the pressure falls more 
rapidly at the generator than at the receiver.) 

The charging current per unit length of line at a distance x 
from the receiver circuit will be 



(Zis the total length of line; i is the charging current at 
receiver circuit.) 

Suppose the angle of lag of the receiver load to be 6, then, the 
total load current may be written 

7 = /cos 0 + y /sin 6. 

The current crossing the element of line / as is 
4 = 7 cos e+jlemO — j 7 (l 
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The E. M. F. consumed by the element of line dw is 
de = iQOsd j 1 smd — j 

Integrating, we get for the e. m. f. consumed over the line 
e = /cos 0 {R — j L cd) -4" j /sin d {R — j L co) — 

The percentage rise due to charging current will be less than 



• Fig. 8. 

If we take GcoX X 100 = 4, that is, a line about 120 miles in 

a 

length, and give to^ a value as high as 20—the generator press¬ 
ure is 20^ higher tlian the receiver pressure—we get 

£ = 4^ (l + = 4^ (1 -f .06) = 4.24^. 

The error made by assuming charging current constant is about 
one-fourth per cent, of the line pressure. 

It is evident, then, that either for a loaded or unloaded line 
the charging current maybe considered constant. Equation (13) 
may therefore be written 

e = IaoBd {R—j L co) ■\-j I sin 6 {R — j L co) —j ^ {R—j L co). 

2 

The pressure at generator terminals is 
= E e 

= .E'-j-/cos<? {R—jLco)^jM\^d{R—jLco)—j Z co). 
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This equation is represented graphically in Fig. 


al = —j 


. L R 


c d = 1<iOs,d R. 

■d e = — j 1 cos 6 L o}. 
ef— 3 1 ^sin 6. 

fg = 1 Lu>s\n 0 . 

Instead of combining the currents geometrically as^ we pro¬ 
ceed from receiver to generator we see that we may consider each 



Fig. 9. 

component of the receiver current as flowing over the entire line 
impedance, and the capacity current as flowing over the imped¬ 
ance from the center of the line to the generator. Looking at 
the matter from this point of view the b. m. f. at the terminals 
of the generator, or the total e. m. f. generated, may he at once 
written out for any line. 

Let in Fig. 9. 

= equivalent resistance of step-down transformers. 
jl, — “ u step-up transformers. 

“ self-induction of step-down. 

_ £t “ “ 'step-up. 

Rg = “ resistance of generator. 

Z g — “ self-induction of generator. 

R = resistance of line. 

L = self-induction o f line. ___ 

1 It is customary to convert all pressures to equivalent full-line pressure. If 
r 1 is the resistance of primary transformer and the resistance of the secon¬ 
dary, the equivalent resistance JS, is calculated by the formula 

li —f + ^2 being the ratio of transformation. 

The equivalent self-induction of transformers is determined from the ohmic 

pressure-drop and the short-circuited regulation. 
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Also let 


At — Lx Ag A. 

j?t “ “4“ -^2 Lig -j*" a. 

The E. M. F. generated is 

LJg JE I eos d (At — j Lx, (o) -\-j I sin d (At —j At w) — 

j + -^2 + - j + -^2 + (14) 

The figure representing this will be similar to Fig. 8. Each com¬ 
ponent current is represented by the pressure triangle correspon¬ 
ding to the impedance over which that current flows. That is, 
each component current may be considered as producing the 
same eflect as though no other current flowed over the line. The 
advantage of this way of looking at the matter is that we see by 
a glance at the equation or the figure how a change in any com¬ 
ponent current will affect the pressure relations of receiver and 
generator. To illustrate this, let us assume the load to remain 
constant and determine how the generator pressure must vary to 
give constant receiver pressure for any change in power factor of 
the load. 

The charging current remains constant; therefore, the triangle 
ABC, Fig. 8, does not change in magnitude or position. Since 
the load is assumed constant, the value 7 cos 6 is constant and, 
consequently, the triangle ode does not change. The only vari¬ 
ables are 1 and sin d. We have, however, 

El cos ^ = TF (a constant) 


and 


7 = 


W 


E cos d 


7 sin d 


W tan d 
E~~ 


The triangle e f a always remains similar to triangle ode. The 
point therefore, moves on the straight line e g (if the load cur¬ 
rent is leading, e g must be drawn in the opposite direction) for 
variable power factor. The length e g increases directly as tan 6 
and is drawn at right angles to e e. 
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Equation (14) may be solved for Eg algebraically most easily 
by -writing 

Eg = /cos 6 sin 6 Eco— E wj 

_ ;■ j^Jcos d Em — I sin 6 Rt+ E (^ + 

and adding the terms in the square brackets before taking the 
square root of the sum of the squares. Laid out on paper to a 
large scale it will be found that results sufiadently accurate for 
most practical purposes can be obtained with a small amount of 
labor. Another advantage of the graphical method is that it pre- 
sents to the eye a picture of the entire circuit. 



The method of finding the regulation for variable load and 

constant power factor is shown in Eig. 10. _ 

The magnitude of c e is proportional to /, that is, proportiona 

to the load for constant power factor, since 

c 6 = J cos 0 {Bx, —j Lx <y); 
the magnitude of ^ ^ is proportional to the load also, since 




, j -E tan d {Bx —j Lx m). 

JLy 


e . is always drawn at right angles to c .. The trian£eB c d. 

and are always similar and for constant 

crease in the same ratio. While the point . moves along c the 
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point g moves along g the line c g making an angle d with g e. 
If the current leads by the angle 6 the locus of g will be along 
the G gJ 

In Fig. 11 the arc of a circle has been drawn with 0 as center 
and o c as radius. If the receiver pressure is to remain constant 
with constant generator pressure, the locus of g must be on the 
are of this circle. 

If there is an inductive receiver load the regulation will be 
very unsatisfactory unless f g^ Fig. 10, decreases more rapidlj 
than G d increases, c d increases with the load, f g increases or 
decreases as 

/j 

tan t} 

E 



Pig. 11. 

increases or decreases. On an induction motor, as the load in¬ 
creases the lag decreases, therefore, a load of this kind after 
starting does not interfere very much with good regulation. 
The regulation of the receiver for constant pressure is most dif¬ 
ficult when we have a synchronous motor which is carrying a 
variable load, such as a street railway load. 

It is seen from Tig. 11 that in order to keep the receiver pres¬ 
sure constant the leading component of current T sin 6 must in¬ 
crease as the load increases or d must change from lag to lead. 
This can, of course, be done when a synchronous motor is run¬ 
ning a street railway generator by putting a shunt and series 
winding on the field of the motor. Tor the sake of economy d 
is usually changed from lag to lead as the load increases by un¬ 
der-exciting the motor for loads below the average load, and 



1900.] 


aluminium LINE WIRE. 


375 


over-exciting for loads above the average. In Fig. 12 suppose 
I cos d (J?t —j Xt oi), 

which is proportional to the power intake of the motor, is represen¬ 
ted by the triangle g e at full load, by c e' at average load and by 
a e" at no load. With o e' as radius draw with 0 as center the 
arc of a circle through e'. Then at full load the motor must be 
over-excited so that the length 


e g = lam d {Rt — j Xt ci) 

will reach the circle. Similarly at no load the motor must be 
under-excited so that e" g" will reach the circle. 



Bv laving off the pressures to a large scale the angles and 
Fig 12, by which the current must lag and lead at no-load and 

full-load respectively, may be 

the constants of the motor it will be possible by ^ 
synchronous motor diagram to determine the excitation foi n 
load and full-load to give constamt receiver-pressure with con¬ 
stant generator-pressure. The motor may then be run as a gen¬ 
erator and the no-load fulUrd on 

th. pressure dereloped bj the motor .s a geuerator 

to tL full-load excitation as found above. The motor wouia 
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tben carry its load without causing much variation in the receiver- 
pressure. It is necessary to know only the no-load power of the 
motor and the self-induction and resistance of the entire circuit in¬ 
cluding that of the generator and motor. 


Some Transmission Line Troubles. 

At the end of the two-phase forty-mile transmission line there 
were in operation two shunt-wound synchronous motors, 100 k.w. 
and 50 k.w., running street railway generators. It was found that 

these motors behaved very hadly at no-load and not all satisfactory 
at all loads. •’ 


At no-load the motors would take almost full-load current and 
were very unstable, falling out of synchronism for a sudden small 
increase of load. At about full-load the current would be but 
httle above what it ought to be and the motors became more 
stable. Changing the excitation of the motors did not improve 
their action. The following readings taken on the 100 k. w. 
motor at no-load may be of interest. 

(Instruments in one-phase.) 


I 

B 

18.2 

111.5 

18.4 

113.5 

19.3 

110.9 

18.8 

115 

30 

119 

20.8 

116.5 


Wa =IE W 

30.2 10 

30.9 10.4 

31.4 9 

31.6 10.3 

35.7 8 

34.3 11.3 


Cos 6 

6 

0.49 

60® 

0.49 

60® 

0.43 

65® 

0.47 

62® 


Excitation 
For min. cur. 

Ci t t 

For min. watts. 


0.225 77® 
0.47 62® 


The measurements were made with Weston instruments that 
had been checked; the readings were taken on one phase and 
then on the other. The motors operated across a 2200-volt-line ; 
the value of ^obtained by use of 20 to 1 multiplier. The full¬ 
load current should be about 22 amperes. 

The 50-k. w. motor acted in a similar manner; the no-load 
current was 14 amperes. A water rheostat was connected in 
each phase of the 50-k. w. motor; with 8 ohms added the no- 
load current was 12.2 amperes. The motor at this point dropped 
out of synchronism on adding a small length of shafting. 

There was no “hunting” of the motors. Copper bridges were 
put in between the poles of one motor, but this did not improve 
ffe action. Since there was no huhting, the failure of the bridges 
to improve the action of the motor was predicted. The large 
hb-load current was believed to be due to the difference of wave 
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shape between generator and motor e. m. e’s, the motors acting 
during part of a cycle as motors, and during the remainder as 
generators, sending energy back to the system. This explana¬ 
tion seemed to be the only possible one. The difference in wave 
shape of generator was believed to be due to the magnetizing 
action of the capacity current distorting the wave shape of the 
generators. As is well known, the effect of a capacity current 
is to flatten the e. m. f. wave, and may in an extreme case pro¬ 
duce a ^‘jagged” wave. 

That the above explanation is the correct one was satisfac¬ 
torily proved by taking off at the receiver-end of the line a lag¬ 
ging current to neutralize the capacity current. The secondary 
windings of two transformers were used as induction coils, the 
magnetic circuit of the transformers having been opened to in¬ 
crease the lag angle. 

AVitli the capacity current nearly neutralized it was found that 
the 100-K. w. motor wdien running apiece of shafting took 11.5 
amperes. The induction coils were then taken out and the 
motor current increased to 23 amperes, and could not be reduced 
by changing the excitation. The 50-iv. w. motor drew 13 amperes 
per phase at no-load with the induction coils out and 3 amperes 
with the coils in. With the coils neutralizing the capacity cur¬ 
rent the synchronous motors would not fall out of synchronism. 

The variation in voltage at the receiver station was about 10^ 
when the synchronous motors were running the railroad without 
the induction coils, and about under the same conditions 
as to load but with the induction coils taking enough cur¬ 
rent to neutralize the capacity current. This Z% variation of 
receiver voltage was nearly all due to the change of speed of the 
waterwheels. 
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DISCUSSION. 

The Peesident— Gentlemen, tlie paper is now open for dis¬ 
cussion. 

Mr. Steinmetz :—Mr. President,with your permission I desire 
to say a few words regarding this extremely interesting paper. 
I do not see any reason for using two letters when a single letter 
can be used. I would leave the Omega out and put in the 
Standard letter. But that is a minor matter. 

Dr. Pereine:— It was done to show where thecame from 
which previously we had worked out. 

Mr. Steinmetz : — This shows the capacity of the line ; and 
something very important is the condition found in power trans¬ 
mission, but to a certain extent it is of secondary importance ; 
that is to say, it is not so essential to calculate the extent of ca¬ 
pacity accurately, but with approximation; and in most cases 
almost any approximation will do. What is necessary is rather 
to determine the limiting value of the effect of capacity, to see 
whether this effect is of sufficient amount to require a more ac¬ 
curate investigation; and as a rule we find it is not. Herein 
this very long transmission, while it is considerable, it is not of 
such importance as to require a very accurate determination of 
its effect. The only case of which I know where the capacity 
is of considerable magnitude is probably the transmission of my 
friend Mr. Nunn ; and this is considered due to the very high volt¬ 
age and the comparatively small amount of power; and my 
friend Mr. Nunn told me had obtained some valuable informa¬ 
tion. 

There is one further remark I would like to make regarding 
the last experience referred to by the speaker, in these syn¬ 
chronous motors taking excessive current. Now it is quite possi¬ 
ble that wave-shape had something to do with tliis, but I am not 
quite sure of that, for somehow or other, 1 do not really believe 
much in the wave-shape. While wave-shapes are very impor¬ 
tant theoretically, 1 have never yet found any case where any 
difficulty could he' traced to the wave-shape without any doubt 
—without permitting any other explanation. On the other hand, 
there are many eases where disturbances have been observed, and 
explanations made for it by the waveshape, but after being in¬ 
vestigated they were found not to have anything to do with it. 
In one ease of a converter the current increased out of ail pro¬ 
portion as the load came on, and I found somebody made a very 
ingenious explanation of how that was due to the wave-shape ; 
but I sent one of mv assistants there, who did not believe in 
wave-shape, and after carefully looking over it he found the 
series field reversed, and so the armature had to magnetize 
the field. Now, in coming to this particular instance here, 
it may be the wave-shape, but I think there is possibly a differ¬ 
ent explanation, though I cannot say which is accurate, the real 
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reason being that I am not sufficiently familiar witli the con¬ 
ditions. If yon take a transmission line equal in length to one- 
fonrtli of the wave-—aone-fonrth wave-length—and then impress 
a constant electromotive force at the generator end of the line, 
you will get at the receiving end a constant current. The trans¬ 
mission line has such capacity or induction as will he one-fourth 
of the wave. [Illustrating]. If the length is exactly this, whah 
ever apparatus you put at the receiver end it will always take 
the same current. This is an extreme case, hut even with a line 
very much shorter than that, as soon as the length of the line in¬ 
creases to a certain extent by the effect of the capacity and self- 
induction, there is such an effect at the receiving end as tends to 
regulate for constant current. A very frequent case, the 
shunting of an induction motor at the receiving end of the line, 
or a shunting of a self-induction coil, will throw the self- 
inductive capacity of the system sufficiently out of balance to 
•spoil this tendeticy to constant current regulation. I do not 
know whether this is a condition existing here or what else the 
condition was. What 1 want to say is that from the data given 
here we are not entitled yet, I think, to conclude that the wave¬ 
shape had anything to do with rhe phenomenon, and 1 should 
rather believe that the wave-shape had nothing to do with it. 

Dk. Peeuine:— Before Mr. Steinmetz sits down—I confess I am 
very nearly as much a disbeliever in wave-shapes as Mr. Stein¬ 
metz is, but I have been faced by this problem. Starting with the 
generator unloaded, there was'a motor current of 23 amperes. 
W^ith a lagffing current of 13 amperes at the receiver the motor 
current dropped to 11^- amperes; and Mr. Steinmetz cannot say 
that there is anything the matter with the motors, because they 

are his own motors. _ r u 4 . 

Mu. Steinmetz :—Tlie only suggestion I would make oi that, 


is inserting self-induction. ^ 

Mb. Baum: —Mr. Pre.sident, Mr. Steinmetz m his last remarks 
has given, in another way, our explanation; that is, instead of 
saying the excessive motor current was due to wave-shape, 
pose‘we say it was due to “ hunting” at 60 cycles per second. 
That means exactly the same thing. In our paper we say the 
motor during part of the cycle acted as a motor and during the 
remainder of the cycle as a generator. Does not that mean the 
same thing as sayine that it was “ hunting (electrical hunting) 
at 60 cycles per second? In the motor we believed there was 
a triple frequency current, and on that assumption went to woik 
to cure the trouble. The General Electric Co. s engines out 
there did not agree with ns ; like Mr. Steinmetz, he said it was 
“ hunting.” He wrote back to the mam office and sent all oiii 
measurements; they sent back a report that it was ^'inting, 
and sent out bridges to put in between 

—the usual cure for “ hunting.” We predicted that the bnds,e& 
would not cure the trouble. The fact is that the bridges had no 
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effect whatever to reduce the motor current. Then to show 
that our explanation was the correct one we threw in the induc¬ 
tion coils and the motor current immediately dropped, in one 
case one-half, and in the other from 14 to 3 amperes, and could 
then draw leading or lagging current by varying the excitation. 
Before that we could do nothing at all with the excitation to 
reduce the current taken by the motors. 

Dr. Kennelly: — Mr. President and gentlemen. We started 
with a paper on aluminium, and aluminium is so light that we 
got into the airj^ fields of mathematics; and with your permis¬ 
sion I beg to say a few words now about aluminium and the wire, 
because the task fell to my lot to make measurements of samples 
of the wire, and I examined about a hundred samples and 
made as careful tests as I could upon its electrical and mechan¬ 
ical properties. The electrical properties were very nearly uni¬ 
form. There was very little difference between the electrical 
conductivity of any of the lots that I had occasion to examine, 
and this appeared to be due to the relatively high degree of 
purity of the wire and the absence of admixture or alloy. 
The fracture of the wire always assumes a characteristic form 
and terminates in a peculiar nipple at each side of the break. I 
think that if the wire were defective it would be more likely to 
break off flush. With steel wire there is a small, steady, elastic 
elongation until you get beyond a certain limit, and then the per¬ 
manent elongation increases very rapidly; but in the case of alu¬ 
minium wire, you cannot assign any particular point at which 
the elastic limit can be said to lie. All you can say is that the 
stress shall not exceed a value at which the elongation shall be 
appreciable ; and from the statements that have been made to us 
in the paper, it seems that there is no difficulty in arriving at 
that point in practice. 

Dr. Perrine :—We derived that from your curve 

Dr. Kexnelly : — In regard to the determination of the pres¬ 
sure at the receiving end of a line, if the capacity of the circuit 
is assumed as collected together into one condenser and located 
in the centre of the line, the assumption is quite good enough for 
most practical cases, namely, a case of low frequency on a line 
not greater than 200 miles in length, and with ordinary capacity 
and inductance of overhead copper conductor, but you may have 
cases of short wires with exaggerated capacity or inductance, and 
in cases of high frequency you will be unable to obtain sufldcient 
accuracy; and in such cases I believe in the use of hyperbolic 
functions. I don’t think there is any difficulty in using them 
after a few trials. 

I want to make one humble protest against the use of what I 
think is an inversion, or what I will submit is an inversion of the 
direction of reactances, geometrically. I see the reactances in 
this paper are all written r —and, as a mere matter of con¬ 
vention, I would submit that that is undesirable. It is not a 
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question of what is right, or wrong. If you accept the notation, 
it is all right. I have always inaintained that the reactance a 
reduction coil should he written r+jx. I have the honor to difter 
upon this point with Mr. Steinmetz, who, I think, is responsible— 
lam not sure, but I think he is responsible—for introducing neg¬ 
ative reactance, and 1 think he justifies his position upon astro¬ 
nomical grounds. I am quite ready to sacrifice my view it it 
should be generally agreed that reactance _ should be measured 
negatively and a condenser measured positively, and with a lag¬ 
ging current which should be measured in that direction.^ “VJ/’ 
in trigonometry, we always measure angles positively in tfi® 
counter clockWise direction, and a negative lag angle should be 
in the negative direction. I think it would be a good plan to 
bring that matter up and have a consensus of opinion. When- 
ever'"! read Mr. Steinmetz’s mathematics, I have to stand on my 
head in order to understand the reactances. 

Me. Steinmetz;- Having been challenged regarding these ior- 
mulae, I may give my reason for having adopted them. It is not 
based on astronomical reasoning. Astronomical reasons led me 
to adopt the counter-clockwise direction. The reason it happened 
to be minus in my ease and plus in another, in the method or 
o-raphic representation, it is nothing but a symbolic method of 
graphical representation. Long before anybody thought of elec¬ 
trical engineering, polar co ordinates were used, with the tune as 
angle or amplitude, and the instantaneous value as vector. JN ow, 
somehow or other, when graphical representations were first 
introduced—they were introduced by Kapp, 1 think, and others 
they seem not to have thought of the familiar system of polar 
ordinates, but discovered and invented a different method of 
representation. They chose a line representing the maximum 
value of the current, and they let that line rotate around, and a 
projection of this line represented the instantaneous value. It is 
a v4y interesting method, and it has been introduced to a certain 
extent: the only objection is, that a bettor representation has been 
known in the common polar co-ordinates since a tew centuries. 
Here is the sketch of Dr. Kennelly. In his representation,_ tins 
current is lagging behind the electromotive force, because if he 
takes his line and revolves it around it comes there later. Liit it 
you represent it, not by some artificial method but by the standard 
polar co-ordinate system, then we denote the electromotive 
by the diameter of its polar circle. If the current is lagging,^ the 
maximum value of the current will be,reached at a later time. 
So these signs depend upon the graphical method you choose in 
starting. You may use a polar system, which is used m ail 
engineering branches, as, for instance, in giving the valve 
motion of steam engines, or you may choose some special method 

not used anywhere else. . « ivf tvt 

The Peesipent Is there any further discussion i Mr. JN unn, 
I believe, has had considerable experience with aluminium lines, 
and we shall be very gl^d to hear from him. 
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Mr. Paul IST. Muuir.—The question of aluminium lines is one 
of a great deal of interest, I believe, to all who have long dis¬ 
tances to reach, especially where the distances are such and the 
conditions such as to permit of the use of quire high pressure. I 
do not believe that I have anything to offer the Institute this 
morning upon the question under discussion. The questions in¬ 
volved are pretty complicated. I am not prepared to offer a 
word on the authentic evidence given this morning, I have 
found a great deal of difficulty in satisfying myself of just the 
conditions which would obtain upon the erection of longalumin- 
nium lines, and while I suppose the information at hand, with 
most of us, is sufficient to determine pretty closely, within 1.5 per 
cent., I think that is near enough. We are interested in those 
practical results, but closer than that I think it is a question of 
scientific interest very largely, and a great many of us are not pre¬ 
pared to go into such a question to the extent necessary, simply 
on the ground of scientific interest. Our observations of the use 
of aluminium are very interesting, but I do not know that there 
is anything in it to throw a particle of light on the question as 
discussed here this morning. I may say that 1 think we are in a 
position to second the statement which has been made that the 
alloyed aluminium, or certain alloyed aluminium, is not safe. 1 
do not think this should perhaps be expressed too generally. 
There is a line in very successful operation, I understand, and I 
cannot learn tiiat there has been a particle of trouble from it, in 
which the alloy is very considerable, put in very carefully ; but 
the common alloyed aluminium, which I believe instead of being 
alloy is impure aluminium, handled under the brand of XX and 
BB or something like that, is defective because it is not 
homogeneous. The Institute might be intereste d in knowing 
that in about six miles of a certain aluminium circuit which we 
erected something over a year ago, during the first month of its 
erection, I cannot say use, it broke, an average of every 100 feet 
in length, or every span. There were fifty-two breaks to a mile 
in a month. It took the services I believe of four men all the 
time to repair breaks. We simply let that go on, to see how long 
it would continue. We do not know; we finally stopped it. There 
were but four breaks in that six miles which showed an elonga¬ 
tion of —enough elongation so that the eye could distinguish 
it; and in several cases I noticed something which appeared like 
a physical defect, a sliver, along the side, which showed some¬ 
thing in the way of drawing; it was rough; the appearance was 
somewhat crystalline, and apparently it had broken exactly as a 
piece of glass would break, that is, square. We photographed 
some of these ends and sent them to the Pittsburgh Reduction 
Company, and I "think the trouble was understood the moment 
they saw the photographs. There was only one condition under 
which that could occur—the case of an ingot in which the im¬ 
purity or alloy was ,not thoroughly mixed and did not produce a 
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homogeneous mass. It seems to me as if in the process of draw¬ 
ing, that impurity settles in the form of an infinitely thin stratum 
through the wire and that under conditions of moderate stress, 
probably in our case seldom exceeding 1,500 pounds to the square 
inch, it * is attended with vibratory results. We liave replaced 
much of this line, practically all, with pure aluminium, stranded, 
and have not had a particle of trouble. I think the question of 
resistance in joints is one with which we must labor for some time 
to come. I have learned that aluminium deteriorates particularly 
in a country where it is subject to alkalies, or to what is termed 
corrosive salt. The series of joints, which were at first very 
promising, afterwards became quite troublesome. 

De. Peruine I would like to reply to one or two of ^ these 
points that have been made. In regard to the elastic limit that 
Dr. Kennelly describes; from the curve which he gave here to-day 
we determined the strain that it would be safe to allow, and it 
was found to be satisfactory. I examined a large number of the 
breaks from'the lines that were giving the most trouble, and found 
that in every case they were exactly as Mr. 'Nunn described them. 
The break is a shear, a sharp break, with a reduction of area on 
one side simply, which is the characteristic break of imperfectly 
alloyed wire. ‘ I have had a good deal of experience with imper¬ 
fectly alloyed wire while trying to make silicon bronze, and the 
breaks were of that character; and almost all imperfectly mixed 
alloys will give that sharp break without any reduction in area. 
There is apparently a break from the wire fal'ing. and getting 
a slight reduction of area on the under side and then shearing 
square across; it is not a break that is characteristic of aluminium 
any more than it is of any other imperfectly alloyed material. I 
take that characteristic of the break as one reason for saying these 
are imperfect alloys ; and the other reason mentioned iti the papei 
is that one of the'lines which we had an opportunity to test gave 
trouble on one-half of the line and the other half gave no trouble 
at all. There were three breaks in one-half of the line due to 
short-circuit, or something falling across the line ; and in the other 
half of the line there were 30 breaks a month, and that over its 
entire length, although it was said to be the same sort of wire 
The resistance of the whole line showed the wire to have only 
90 per cent, electrical conductivity. This could not be due to 
hard drawing. By hard drawing you might get one or two 
per cent, resistance increase, but 10 per cent, increase must 
necessarily mean an alloy. Thepeculiarityof the elastic limit is not 
different from the peculiarity of the elastic limit of metals in the 
same group as aluminium, and in that respect copper groups with 
aluminium. In hard-drawn copper we have such a small percent¬ 
age of elongation before breaking, but I have never yet seen any 
one who was able to draw the curve for the elongation of copper , 
but when we break soft-drawn copper we find it proceeds almost 
exactly as the aluminium was found to elongate in this case. It 
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is a general idea with many metallurgists that hard drawing does 
not change the relative position of the elastic limit. As regards 
these points there seems to be nothing new that aluminium lias 
introduced into the art of metal working. It is simply that, being 
a metal that is liable to irregularities, it must not be used unless 
it is carefully inspected. I attribute our success in this line more 
to the careful inspection which Dr. Kennelly gave to the metal 
before we put it up than any other thing. 

As regards the question of the signs of the complex quantities 
1 thoroughly agree with Mr. Steinmetz. I studied complex quan¬ 
tities long before I studied alternating or direct currents. After I 
had studied complex quantities I b^egan to study rectangular 
coordinates. The angle of lag seemed to me to he always the 
other way. It seems to me the system which Mr. Steinmetz devel¬ 
oped is a rational system, and the only unfortunate thing is the 
man who has reached one system does not dare to touch a paper 
written by the man who has written in the other system. 

The Seceetary :—There will be a collation served in this 
building at about one o’clock, and after that the remaining 
papers will be taken up. Professor Rowland will be very happy 
to have the members, after the collation or at any time, look about 
this building. It is very .interesting. He has circulars describ¬ 
ing the various courses given at the Institute, which may be had 
at the Secretary’s office in the lobby. 

Me. Dunn :—Mr. President, our Secretary’s announcement 
of the collation reminds us of the very many courtesies that have 
been extended to us by the Reception Committee and by our 
brethren in Philadelphia, and if hospitality is one of the cardinal 
virtues it is certainly proper to acknowledge it. I am not sure 
but that in the motive of my remarks there is something in the 
nature of the expression by an old cynic, that gratitude is a de¬ 
sire for future favors. But be that as it may, i am sure that our 
experience here in Philadelphia has been so pleasant that w^e all 
desire such future favors and hope it will be soon when wo shall 
again come here. L would therefore move that a committee be 
appointed by the Chair to draw up suitable resolutions acknowl¬ 
edging these courtesies and hospitalities which have been ex¬ 
tended to us, and expressing in corporate action the same ac¬ 
knowledgment and thanks which have already been made by us 
individually. I am sure in speaking in this way I am voicing the 
sentiment of every member of the Institute who has attended 
this general meeting. 

The resolution was carried and the President appointed as such 
committee, Calvin W. Rice, George F. Sever, and W. W. Ker. 

The Peesident :—The next paper is entitled : “ A Practical 
Transmitter using the Sine Wave for Cable Telegraphy; and 
Measurements with Alternating Currents upon an Atlantic 
Cable,” by Dr. A. C. Crehore and Capt. 6. 0. Squier. 



A paper presented at the lytk General Meeting oj 
the American Institute of Electrical Engineers^ 
Philadelphia, May iSth, iQoo. President Her- 
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A PRACTICAL TRANSMITTER USING THE SINE 
WAYE FOR CABLE TELEGRAPHY; AND MEAS¬ 
UREMENTS WITH ALTERNATING CURRENTS 
UPON AN ATLANTIC CABLE. 


BY ALBEET C. OEKHOEB, PH. D. AND GEOEGE O. SQTJIEE, PH. D. 

This paper describes a method of utilizing the sine wave of 
electromotive force for cable signaling, and a practical cable 
transmitter employing these principles. The employment of a 
sine wave electromotive force makes available the ordinary 
methods of measurement such as are used on power transmission 
lines, and some results are given of such measurements upon 
submarine cables. 


b'lQ. 1._Letters A, B and 0. Battery form of electromotive force wave. 

The present method of operating long cables employs a 
primary battery as the source of power, and a siphon lecoidei 
to record the signals. In this system a dot is transmitted by a 
positive current obtained by connecting one pole of the battery 
to the cable and the other to the earth, and a dash by a negative 
current connecting the opposite pole to the cable, the time 
required for a dot and a dash being the same. 

Several letters of the alphabet require two or more consecu¬ 
tive signals in the same direction, and in order to separate these 
successive signals at the receiver it is usual to connect the cable 
to earth during the latter portion of each individual signal. The 
electromotive force employed in transmitting the letters a,^ b and 
0 , is shown in Fig 1 ,. where it is seen that the cable is directly 
connected to earth during one-fourth of each signal. This rep- 
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resents the form of electromotive force as furnished by the 
battery and transmitter, and if no condensers were used would 
be the form of wave applied to the cable; but it is usual to em¬ 
ploy condensers at each end of the cable whether working sim¬ 
plex or duplex, and these condensers greatly modify the shape 
of the electromotive force which is applied to the cable itself as 
will be shown later. 

It is important in designing a sine wave transmitter to make 
an instrument which transmits to the cable the same combina¬ 
tions of impulses as those at present employed in cable signaling, 
so that as far as the receiving station is concerned there is no 
change whatever required either in instruments or technical 
staff. The difference between the ordinary and the sine wave 
method is in the shape of the electromotive force employed for 
each individual signal at the transmitting end of the cable. In 
the sine wave system instead of the square topped form shown 
in Fig. 1 each signal consists of a single sinus or semi-wave of 
alternating current, as represented in Fig. 2. 



Fig. 2.—Letters A, B and C. Sine wave electromotive force. 


The diagram Fig. 3 represents a method of producing the 
required combinations of signals by means of a dynamo alterna¬ 
tor. The armature rotates continously, and a wheel, w, geared 
to the alternator shaft feeds the paper tape, t, in synchronism 
with the electromotive force generated, so that one semi-wave 
of electromotive force is generated during the time that the 
tape is advancing a distance equal to the distance between the 
centers of two consecutive feed holes. The transmitting tape 
is similar to the ordinary tape, having a row of perforations on 
one side of the feed holes to transmit dots, and on the other side 
for dashes. Brushes are employed for making contact through 
these perforations, and by making the holes a proper size the 
duration of contact can be made equal to the whole or any por¬ 
tion of the semicycle desired. The two brushes for transmitting 
the signals are on the same line transversely across the tape, and 
each brush is connected to one terminal of the armature wind¬ 
ing through a divided ring, a, which causes pulsations of electro¬ 
motive Jorce to be supplied to the transmitter brushes p and q 
consisting of successive semi-sinuses in the same direction A 
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continuous ring, b, is also supplied -wMcli connects the middle 
of the armature winding to line. The contact s upon which the 



Fig. 3.—Diagram ot cable alternator and transmitter. 


three brushes p, q, and li bear is connected to the earth or re¬ 
turn. Thus it appears that whenever contact is established on 
the dot side of the tape between p and s a positive sinus is trans- 
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mitted to line, and contact between q ands on the dash side sends 
a negative sinns. 

The arrangement just- described transmits the proper combina¬ 
tions of signals, bnt does not provide for discharging the cable 
between letters and words; for without the brush r the two 
blushes p and q would completely insulate the line from the 
earth at the ends of letters and words. This earth connection 
is provided between letters and words by adding to the tape a 
third row of holes and supplying the third brush e which con¬ 
nects the line directly to earth whenever a perforation occurs. 
A sample of the transmitting tape is shown in Fig. 4. where the 
letteis A, B and c are represented. Evidently to send a simple 
alternating current to line with this transmitter it is only neces¬ 
sary to perforate dots and dashes successively, but the brushes 
must be so placed that contact through the perforations shall 
take place at the instants when the current is approximately 


(1) • •e# • • MAM# 

(3) • • O • • • 

P—— • • • • 4 


Pig. 4.—Sample of transmitting tape, showing letters A, B, 0, D, E and F. 
(1) is the dot row, (2) the feeding row, (8j the dash row and (4) the space 
row for earthing the cable between letters and words. 


zero, as will be more fully explained later; otherwise there will 
be a disturbance which distorts the form of wave from its true 
sine form. 

To adjust the brushes easily they are mounted upon the same 
carriage which is adjustable along the tape by means of a 
micrometer screw. This adjustment may be made by receiving 
the current from an alternating tape on a local siphon recorder 
which will record a smooth sine wave when the brushes are in 
proper adjustment. This setting should be made when using 
the actual cable, not with a local circuit, since the phase of 
the current is different on different circuits, according to their 
electrical properties. 

The three-hole tape is prepared on a perforator which differs 
from the ordinary form only in the arrangement of the punches. 
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The operator can detect no difference between its action and 
that of the ordinaiw perforator. With a slight change the ordi¬ 
nary perforator can be adapted so as to prepare the thi-ee-hole 
tape. 

One peenliarity met in designing a dynamo alternator for 
working long cables is the low frequency required, which for 
an Atlantic cable is as low as three or four per second, while 
the ordinary frequencies of alternators for lighting and power 
circuits vary from 25 to loO per second. A means of increas¬ 
ing the frequency is to increase the number of poles of the 
machine, but if the object is to decrease the frequency in this 
way the number of poles cannot be less than two. One revo¬ 
lution of an armature in a two pole field gives a complete cycle 
of electromotive force which limits the speed of the armature 
to three or four revolutions per second. 



Fig. 5.—Oscillograph record of alternating electromotive force obtained from 
a shuttle wound armature in a two-pole field. 


In the armatures designed, the reactance even at these low 
frequencies rather than the resistance, is the controlling factor in 
determining the short-circuit current, and is so great that the 
armatures may be short-circuited at any time. The inductance 
of the whole armature is four times that of the^ half 
armature, as the two halves are identical, and the mutual induc¬ 
tion between the halves is equal to the self-induction of one 
half. Since the electromotive force generated by the whole 
armature is twice that of the half armature, it results that the 
short-circuit current of the whole armature is only half that of 
the half armature. 

An armature was constructed shuttle wound and gave a form 
of wave differing greatly from the sine wave, the electromotive 
force being shown in Fig. 5 as determined photographica ly by 
an oscillograph. Drum-wound armatures were made which give 
very accurate sine waves as shown by oscillograph records. As 
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will be presently explained, experiment showed a superiority in 
favor of the sine wave form. Fig. 6 shows a practical sine wave 
cable transmitter and generator. 

Tlie cable upon which these preliminary experiments were 
conducted is known as the ‘'Coney Island’’ cable, belonging to 
the Commercial Cable Co, and extends from New York City, 
TJ. S. A., to Canso, jSTova Scotia, having a length of 880 knots. 
This cable was laid in 1884, and consists of several sections of 
two different kinds of cable. Its total ohmic resistance is 13,700 
ohms, and total static capacity 231.4 microfarads at 75° F. The 
two kinds of cable used are known as type " D ” and type “E,” 
each having 70 pounds of copper per knot. Type "D ’’ has 116 
pounds and type " E ” 85 pounds of gutta percha per knot. 



Fig. 6.—Cable alternator, transmitter and perforator. 


Beginning at JiTew York, the sections of the cable were approxi- 
mately as follows: 


New York, Type “E'^ 
Type “ D”, 
Canso, Type-‘E” 


127.7 knots. 

612.4 •• 

140.5 “ 


Total, 


880.6 
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Fio 7-Eelation between frequency and double amplitude of the receiving 
recorder with 30 virtual volts impressed at the transmitting en . 

C. 1. cable simplex without condenser at transmitting 
' * end, and regular duplex with 50 micro¬ 
farad condensers at receiying end. 
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cable is ordinarily used with duplex working, but for the 
following experiment the cable was employed simplex without 
condensers at the sending end, winch was Hfew York, and with 
t e legular duplex arrangement for receiving with condensers 
at JNova Scotia. ^ The siphon recorder in Canso was adjusted in 
Its normal working condition and not changed throughout the 
experiment. 

Volts constant. Ireqmncy and amplitude variable.—k. sim- 



ple a ternating current, having an electromotive force wave like 
that m Fig. 5, was sent into the cable at constant voltage, and 

per second. The record upon the Canso recorder showed a 
amooth wave approximating a sine wave, and the amplitudes of 
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these waves were measured for tlie different frequencies, giving 
the resifft exhibited in Fig. 7. It is seen that the observed 
points lie within the limits of error almost upon a line whose 
equation is 

2a — — 2.97^ -f 20.64 



Pio, 9.—Kelation between frequency and double amplitude of the receiving 
recorder for 30,20,10 and 5 volts. Circuits the same as in Fig. 7. 

where a is the amplitude of the recorder and n the frequency. 
The pressure was constant throughout at 30 virtual volts. As 
the frequency increases the amplitude of the distant recorder 
decreases steadily towards a vanishing point approximately 7 
waves per second. With this voltage and recorder adjustment 
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it could not, therefore, be hoped to send signals with a greater 
frequency than Y—that is, at a greater speed than 227 letters 
per minute. One average letter with its space is taken as re¬ 
quiring exactly 3.7 semi-waves. 

Frequency constant. Volts and amplitude variable :—To 
determine the effect of varying the voltage applied to the cable 
simplex without condensers upon the recorder at the distant 
end, the receiving end being used duplex with condensers in the 
regular manner, three series of observations were taken, each 
varying the voltage from 0 to 30. The frequencies were 3.05, 
4.70 and 5.60 waves per second. The result is exhibited in 
Fig. 8, and shows that the amplitude of the received record is 
nearly proportional within the limits of observation to the pres¬ 
sure employed, for a given adjustment of the recorder coil. 



A more extended series was taken with the same arrange¬ 
ments of circuits, varying the frequency with constant volts, at 
30, 20, 10 and 5 volts respectively. This result, Fig. 9, shows 
that the lines corresponding to the four voltages have approxi¬ 
mately the same vanishing point at a frequency slightly less 
than 7. 

To make a comparison between the automatic battery trans¬ 
mitter of the Outtriss pattern, as used by the Commercial Cable 
Co. and the dynamo alternator, observations were taken with 
each instrument under the same conditions of the circuit, the 
recorder having the same adjustment in each case, beginning 
at low frequencies and increasing beyond the limits of legibility. 
The cable was used as in regular working, with the duplex 
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arrangement. The results previously described in Figs. Y, 8 and 
9 were obtained with no condensers at the sending end and 
regular duplex at the receiving end. 

Tlie arrangements of circuits and the values of the condensers 
employed are shown in Fig. 10 and the results in Fig. 11. 
Curve (1) represents the relation between the double amplitude 
of the record in Canso and the frequency of the battery reversals 
sent into the cable at New York, the battery employed being 
Fuller primaiy cells, which measured 36 volts on open circuit. 
With this voltage it is seen that the double amplitude of the 
excursions of the siphon were about 11/100 inch at a frequency 



Relation between frequency and the double amplitude of the receiving recorder. 

(1) The Cuttriss transmitter; battery 36 volts. 

(2) The pointed wave alternator; 30 virtual volts upon apex. 

(3) The sine wave alternator; 34.1 virtual volts on apex. 

of 3 and decreased to 1.5/100 when the frequency increased 
to 6.6. Curve (2) represents the result obtained with the shuttle- 
wound armature, which gave a wave represented in Fig. 5, and 
which was used in the experiments previously described. The 
pressure employed was 30 virtual volts between the apex of 
the bridge, J., and earth, Fig. 10. The observations did 
not extend through so great a range as that with the battery 
transmitter, and the volts were not the same, but the general 
shape of the curve is seen to correspond quite closely with 
the curve (1) throughout the range. It must be remembered 
that the previous experiments have shown that the ordinates of 
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this curve (2) are approximately proportional to tlie voltage 
employed, so that it may easily be corrected to correspond to 
any desired voltage. Observations were also taken with a trans¬ 
mitter, furnishing a true sine wave under the same conditions, 
and the result is given in curve (3). There is a marked dif- 
feience in the shape of the curve obtained with the sine wave 
from either of the other curves with the batterv or the pointed 
wave alternator. At the low frequencies the sine wave gives 
smaller amplitude, and at the high frequencies larger ampli¬ 
tude than the other waves, the curves crossing each other at a 
frequency between 4- and 5. Tlie pressure for curve (3) was 
virtual volts at a point 75 ohms from the ape.x. 

It_ will be interesting to note the various shapes of waves 
obtained under different conditions. Fig. 12 shows the shapes 
of waves both at the^ receiving and at the transmitting ends of 
the cable with the sine wave and with the pointed wave, a 
shows the pointed wave from the shuttle armature ivorking on 
a simple resistance circuit, b the wave form of the same 
machine on the New York-Canso cable with the regular duplex 
arrangement. The^ record is obtained by inserting a recorder 
with a very low resistance shunt at the transmitting end of the 
cable, and the curve represents the wave shape which enters the 
apex of the bridge, o is the record obtained at the other end 
of the cable in Oanso when the wave b is transmitted. d is 
the record at the transmitting end of the same cable when the 
sine wave is used, and e is the received record. 

Battery reversals give curves just as nearlv sine waves at the 
distant end as either c or e. 

It appears therefore that approximate sine waves are received 
at the distant end of a long calle no matter what the shave of the 
altematmg current transmitted. 


CUERENT AND PhaSE MEASUREMENTS. 

The object of the following measurements was to obtain the 
law of variation of current and phase in the transmitting end of a 
cable with the frequency. To make these measurements a special 
set ot apparatus was designed which included a switchboard 
so constructed that current and potential could quickly be read 
ironi the same instrument, since the time when the cable was 
available was Imited. The measuring ammeter was a special one 
made by the Weston Instrument Oo. consisting of one coil sus- 
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REPRODUCED FROM SIPHON RECORDS. 

Actual size. 

A 

7\/\a/\aaaaaaaaaaaaaaaaAaa/vvwvvv 


B 

y\A/VV\/\AAAAAAAAAAA/\AA 


c 



E 



Fig. 12. 


A. Pointed wave on local resistance. 

B. Pointed wave in apex of C. I. cable, transmitting end. 

C. Record of B at receiving end. 

D. Hine wave in apex of C. 1. cable, transmitting end. 

E. Record of D at receiving end. 
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pended within a stationary coil as in the regular voltmeter, but 
the whole was immersed in oil to prevent the oscillations of the 
needle which occur when measuring such low frequencies. 
With this apparatus the current in the apex of the bridge was 
measured at various frequencies, the constant pressure at a point 
75 ohms from the apex being 34.1 virtual volts, and the results 
obtained are shown in the table Fis*. 13. 

To compare these results with theory in the case of long sub¬ 
marine cables having resistance and distributed capacity, self- 
induction and leakage being neglected, curves have been cal¬ 
culated from the well known sine wave formula for the case of 
an infinite cable. 


NEW YOEK-CANSO CABLE.-~(Pig. 13.) 


Freq- 

queiicv. 

n 

Apex Current. 

Cable 

1 mped- 
ance. 

Cal. 

Resultant Impedance 
Cable Condenser 
and 75 ohihs. 

Ratio 
Apex to 
Cable 
E. M. F. 

Cal. 

A ^3 

At Apex 

75 ohms. 

Obs. 

Et 

Cable 

E. M. F. 

Cal. 

Obs. 

Cal. 

Obs. 

Cal. 

3.00 

2- 33 

3- 33 
4.08 
4.08 

4.42 

4.65 
5*00 

5.42 

5.66 
6.00 

6.66 

.0196 

.0229 

.0269 

.0302 

.0308 

.0325 

•0347 

.0364 

.0372 

.0392 

.0418 

.01920 
•02145 
.02705 
.03080 
.03080 
.03240 
.03340 
•03485 
.03650 
.03762 
.03895 
.04145 

2162 

2005 

1676 

' 1514 

1514 
1455 

1418 

137a 

1313 

1287 

1250 

1180 

3480 

2980 

2540 

2260 

2216 

2100 

2000 

1966 

1874 

>833 

1740 

1630 

3556 

3180 

2520 

2218 

2218 

2106 

2042 

1957 

1868 

1812 

1752 

1648 

1.613 

T-S53 

1.458 

1.412 

1.412 

1.393 

1.382 

1.370 

T-3S7 

1*345 

’^•333 

1.320 

34.1 

20.75 

2r.S3 

22.72 

23.20 

23'30 

23.5s 

23.66 

23.83 

24.00 

24.20 

24.33 

24.56 


Angles of Advance C. I. Cable. 


n 


Computed. 

Observed. 

3.2 


58° 

24' 

55° 05' 

4.0 


56° 

8' 

49° 16' 

5.0 


55° 

8' 

44° 25' 

6.66 


54° 

12' 

48° 08' 


£ ~2 



/GEw 

It 


sin 

^ (0 t — X 

2 


In this equation i represents the instantaneous value of the 
current at any point of the cable at a distance x from the orio’in 
til® maximum value of electromotive force 
applied to the cable, s is the Naperian base.' E is the resist- 
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aiice and O the capacity of the cable per unit length. o) is 
2 It times the frequency. 

For quantities measured at the transmitting end of the cable x 
is zero, and equation (1) reduces to 


or i =z 1 sin [cd t d] (2) 

where I is the maximum current, and 6 is the angle by which 
the current leads the electromotive force. This angle is con¬ 
stant equal to 45 degrees independent of the frequency. 

The impedance of the cable is:— 




/A. = /A /I 

V Cm y ^TtO v 


— e. 


n 


■ /l 


where Ci is constant for any particular cable and the current: 







Measurements liave been taken on two submarine cables of 
the Commercial Cable Co., the ‘‘Coney Island” cable from New 
York to Canso, Nova Scotia, and the “No. 3” Atlantic cable 
from Canso, Nova Scotia,- to Waterville, Ireland. The data of 
the former has already been given and is: 

li = 13,700 ohms 
and C = 231.4 microfarads 

Length == 880.6 knots. 

The data for the latter, the Trans-Atlantic cable is: 

It = 4895 ohms 

and G = 914 microfarads. 


Length = 2164 knots. 

By substitution in (3) and (4) we have for the “C. 1.” cable 



= 

: ^ and I = 
Vn 

~ 3060 



(5) 

and for 

the “No. 3” 

Atlantic cable 






z. 

= and / 

Vn 

0-25 



(6) 

(?) 

With 30 

volts on No. 8 

1 = 

: .03245 

S/n 


(8) 

With 40 

volts on No. 3 

/ = 

: .04335 





IMPEDANCE OHMS 


NEW YORK CANSO CABLE 



impedance ohms 



■piQ lo —Ko. 3 Atlantic Cable. 

1 impedance of 80 mf. condenser. (3) Calculated resultant impedance from ape 
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Curve (L) Fig. 14 represents the values of the impedance of 
the C, 1. cable in ohms, calculated from equation (5), and 
curve (I) Fig. 15 the impedance of Ko. 8 Atlantic cable for dif¬ 
ferent values of the frequency calculated from (6). 

In taking measurements the regular duplex arrangement witli 
condensers was employed and the voltage was sometimes main¬ 
tained constant on the apex, and at other times on the cable 
itself, a Kelvin electrostatic voltmeter being used so that the 



Electromotive force and current*. 
No, 3 cable. 

0 A = 53.6 volts. 

OB = 21.2 “ 

0 0 = 30.0 “ 

AC = 27.9 “ 

AB = 49.1 “ 

BO = 21.2 “ 

OD= .15 amp. 
n = 5 

Scale of current 0 D for 0. 1. 


Electromotive force and current, 
C. I. cable. 

0 A = 32.68 volts, 

OB = 16.9 “ 

00 = 23.83 “ 

AB = 28 
AO = 11.01 “ 

BO =16.9 “ 

0 D = .0347 amp. 

?^ = 5 

Jable is ten times that for No. 3 Cable. 


currents were not disturbed. The delicate balance of the 
duplex bridge was not in the least disturbed by connectino- the 
voltmeter between the end of the cable and the earth. 

For measurements upon the apex the impedance of the bridge 
condenser must bo considered, and its impedance added geo¬ 
metrically to tbe cable impedance to obtain the resultant, since 
th^se quantities have in general diJBEerent directions. 
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The line oc, Fig. 16, represents the electromotive force, 
applied to the end of the cable. In advance of this by 45 de¬ 
grees is the current o i in the cable. The electromotive force 
is resolved into two components ob in phase and b o in quad¬ 
rature with the current, each component being equal to EJ 4/2 
The electromotive force, of the bridge condenser is in quad¬ 
rature with the current, and represented by 0 a. The electro¬ 
motive force, ^ 3 , applied at the apex is the sum of these com- 


A 



Fig. 17 . 


C. I. 

Cable. 


O’A 

= 187.7 

ohms. 

0 B 

= 969. 


0 0 

=1369. 

(i 

AB 

= 1605. 

n 

AC 

= 636. 

tt 

B 0 

= 969. 

t ( 

n 

= 5. 



No. 3 Cable. 

0 A = 750. ohms. 
0 B = 292.5 “ 

0 0 = 414. 

AC = 398. 

AB = 690,5 “ 

B C = 292.5 “ 

= 5. 


ponents represented by 0 a. If o 0 the electromotive force on 
the cable is constant, then 0 a the electromotive force at the apex 
decreases as the frequency increases. The impedance diagrams 
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Fig. 17 are obtained by dividing each line of the electromotive 
force diagrams by the current, and they are similar figures. 

Fig. 18 represents electromotive forces calculated for theO. I. 
cable with 50 microfarad condensers. The line (1) represents 



FREQUENCY 
Fig. 18.-C. I. Cable. 

(1) Twenty virtual volts on cable. 

(2) Virtual volts required upon apex to produce 

20 volts constant on cable. 

(8) Thirty-five virtual volts at apex. 

(4) Virtual volts upon cable due to 35 volts upon 

apex. 

(5) Ratio of apex to cable volts. 

20 rolts applied to the cable, and is constant for all frequencies. 
Curve (2) represents the pressure required upon the apex to pro- 
duce 20 volts constant on the cable; (3) represents 35 volts applied 
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constantly at the apex, and (4) represents the pressure which 
would be applied upon the cable as the result of 35 volts con¬ 
stant at the apex of the C. I. cable. 

The ratio of the pressure at the apex to that upon, the- oalle ts 
consUntfor any particular frequency and independent of the 
pressure. 

The values of the ratios of apex to cable volts at dilferent fre¬ 
quencies are given in curve (5). 

Fig. 19 shows a corresponding set of curves for the FTo. 3 

Atlantic cable. 



(1) Thirty-five virtual volts on cable. 

(2) Virtual volts required upon apex to produce 

85 volts constant on cable. 

(3) Seventy-five virtual volts at apex. 

(4) Virtual volts upon cable due to 75 volts upon 

apex-. 

(5) Ratio of apex to cable volts. 

Figs. 14 and 15 each have two curves (2) and (3) in addition 
to those described, which represent the calculated impedance of 
the condenser and the resultant impedance of cable and con- 
' denser for the C. I. cable and for No. 3 respectively. 
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The impedance of the condenser is : 


1 


1 

C 0) 


1 1 


n. 


(») 


^ n 0 n 

Fertile 0. L cable 50 microfarad condensers are employed and 

® (-) 


z, = 


For the JSTo. 3 cable 80 microfarad condensers are employed 
and 

r/ 1990 

( 11 ) 


n 


and this, combined with the cable impedance equation (3), g-ives 
a resultant, 




_ A 


n 


/2 Ox Oi ol_ 


Vn 


For 0. I. cable 

^3 = 1000 


13.75 , 10 . 16 ’ 

i/ ~ + —-7= + 


n 


n 


Vn 




For ll^'o. 3 cable 

^3 = 


1000 /-j^s I 2.602 . S.96 
y n ' ' 


n Vn 


w 


( 12 ) 


(13) 


(14) 


Fig. 20, curve (1), gives the calculated current in the apex of 

culated by dividing 34.1 by equation (13). Fig. 21 shows two 
current curves for No. 3 cable, calculated from equations (7) and 
(8) for 30 and 40 virtual volts constant on the cable itself ^ 

theo'f % ^liich the current in 

the C. I. cable leads the pressure upon the apex for different 
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frequencies. The pressure uporr the cable leads the current hj 
a constant angle of 45° in either cable, and the angle between 



Fie. 20.—U. I. Cable. 

(1) Eelation between current at the apex and frequency with 84.1 virtual volts 

(2) Co]TOcted^pe^ curr3;^with 34.1 virtual volts ■ constamt^at a point 75 ohms 

from the apex. 

the preiSOTC upo®. the enable aitd i 2 .pon f^the may be found by 
silbtra®tia«>4®^ ifrom ’IhefOidiBiates of ^the curves. 
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When the measurements in the table 13 were taken on the 
C. I. cable, the ammeter was in the circuit before the apex, and 



(40) Ilelation between current in the apex and frequency with 40 viitual Tolts 
constant upon the cable.. 

(30)lSaiiie as above, with 30 virtual volts on the cable. 

the pressure read by a voltmeter connected not directly to the 
apex but to the other side of the ammeter, which had a resist- 
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ance of 75 olims. The calculated curve (3), Fig. 14, represents 
the resultant impedance of cable and. ^condenser from the apex. 
Curve (4) is calculated to represent the'v impedance including the 
75 ohms of the instrument. It is seen that the observed values 
follow very closely the calculated curve (4). Since the pressure 



Calculated angles between cable current and apex pressure. 

was maintained constant at a point 75 ohms from the apex in¬ 
stead of at the apex, curve (2), Fig. 20, has heen calculated, and 
is seen to agree very closely with the current observations. 

Measurements were made by the three ammeter method upon 
the phase difference between the current in the apex of the 
0. I. cable and the inipressed electromotive force. For this 
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purpose a non-inductive shunt was connected from apex to earth 
and the current measured in the three circuits thus produced, A 
the current in the alternator, £ in the apex of the bridge and C 
in the shunt. The resistance of the ammeter thus inserted was 
75 ohms between the apex and the terminal of the shunt, which 
fact modifies the angle of phase between the current and elec- 



^ Fig. 3:l--No. '6 Atlantic Cable. 

Calculated angles between cable current and apex pressure. 

tromotive force at the apex. Allowance has been made for this 
resistance in the calculated values as seen in the table Fig. 13. 

■ The measurements upon No. 3 Atlantic cable are given in the 
table Fig.^ 24, and they are also seen upon the curves in Figs. 15 
and 21. The agreement is not as close as in fhe case of fthe 0.1, 
cable. 
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On the Comparison between Electromotive Forces Employed* 
IN the Sine Wave and the Ordinary Battery Method 
of Cable Signaling, and on the Interpretation of the 
Term “ Equivalent Yoltage.’’ 

Since the speed of signaling or the number of letters per 
minute which can be transmitted and received by a given set of 
instruments on a submarine cable depends upon the magnitude 
of the electromotive force as well as upon the shape of the 
wave, it is important to note the differences between the physi¬ 
cal phenomena which take place in the sine wave and battery 
methods. The speed is not proportional to the voltage by either 
method, but the increment becomes less and less as the pressure 
is increased, until it may be necessary to double the voltage to 


Cable 

E. M. F. 
E. 

n 

Apex 

Current 

Amperes 

Observed 

Apex 

Current 

Amperes 

Calcula- 

led. 

Cable 

Impedance 

Z 

Observed. 

Cable 

Impedance 

Z. 

Calcula'.ed. 

Ratio 
Apex to 
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E. M. F. 
Calculated 

Apex 

E, M. F. 
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4.00 
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•234 
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335 

1.63s 

65.45 

S 3 

6 .17 

.290 

.2842 

365.5 

372 

1.722 

91 3 


Fig. 24.— No. 3 Atlantic Cable. 


gain a few letters per minute. There is a practical limit to 
the voltage with any particular cable which it is not profitable 
to exceed, since the gain in speed is so slight. The limit of 
voltage which it is profitable to employ is not the same for the 
sine wave as for the battery method. To obtain the best speed 
with either system it should be worked at this maximum voltage 
point, which limit can only be determined by experiment. Be¬ 
fore such a limit is reached, however, there are often other causes 
which prevent the best voltage from being employed. If a fault 
develops, a high potential at that point might effect the complete 
interruption of the cable. When the fault is discovered, it is 
customary to reduce the voltage to pi*event entire interruption. 
There is at present such a fear of employing high voltage on sub¬ 
marine cables that a limit is set to the pressure at which cables 
may be operated, and this limit, for most of the cahles; ofj the 




412 


GREHORE AND SQUIEE ON THE 


[May 18, 


world, is little more than 50 volts. Modern cables are subjected 
to a pressure of 5,000 volts alternating while in the cable tanks 
for a period often as great as half an hour. Thus the voltage at 
which the cable is tested is 100 times as great as that actogllj 
employed in signaling. The insulating material of an uninjured 
cable will withstand as high pressures as will ever be desired in 
signaling, but no factory test can guarantee the cable from me¬ 
chanical injury after it is laid. 

Since the voltage is limited upon a cable, it is evident that the 
system which can furnish the higher speed at the same pressure 



Fig. 25. (1) Sine wave and, (2) ^battery wave having' the same maximum 
(3) Fundamental term or effective component of battery wave 2. 


has the advantage, or that system which can furnish a given work- 
speed with the lowest voltage is safest to employ. 

The true definition of equivalent voltage from this, standpoint 
would then be such pressures as would equally strain the insulat¬ 
ing material of which the cable is constructed. 

The breaking strain of an insulating material not only de¬ 
pends upon the pressure to which it is subjected, but upon the 
time during which that pressure is applied. It is welbknown 
that the dielectric of a condenser may break down in time under 
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the same voltage wliicli it has withstood for a considerable time. 
The maximum pressure tlierefore if only of brief duration should 
be allowed to be higher than a pressure which is continuous to 
cause the same breaking down strain in the dielectric. With a 
battery applied suddenl}^ to a cable without condensers the whole 



2 

_(6) and (5)_ 

,-(7) “ (5) 






Fig. 26.—Forms of electromotive force obtained by connecting the various 

alternator brushes, 

pressure is upon the cable during the entire length of a signal, 
whereas with the sine wave method the maximum voltage is 
applied but a single instant and cannot be applied longer if 
desired. 
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If air were tiie insulating material of a submarine cable it is 
known that the breaking strain is measured by the maximum 
voltage to which it is subjected, and is independent of the time 
during which this pressure is applied. When gutta percha or 
rubber are the materials used for insulation this time element 
should be considered. The effect, however, would vary for each 



Fig. 27 . 

(3) Electromotive force in circuit (P) when commutator brushes 

are situated so as to reverse the circuit at time of zero elec¬ 
tromotive force, that is, at the normal point of commuta¬ 
tion for no sparking*. 

(4) Electromotive force in circuit (Q) under same conditions. 


P/ \ P. 



L / \ 

/ 




/ \ 

^ q\ ) 

y 

Q\ * 



Fig. 28 . 


Fig. 28— -P. Electromotive force in circuit (P) when commutator brushes 
are moved one-quarter (J) of a revolution from the normal 
position. 

Q. Electromotive force in circuit (Q) under same conditions. 



x’lu. an. 

PIG.S9--P. Bleotromotive force in circuit (P) when commutator brushes 

Q. Electromotive force in circuit (Q) under same conditions. 

particular compound and can only be determined hy careful 

tests. ^ 

Equivalent voltages are therefore considered to be emplo.yed 
by the two systems when the same maximum potential difer- 
euce between the core of the cable and the earth is attained' at 
some time aurmgeac]i signal. 

The fact that condensers are employed between the trans- 
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miWer and the cable so modifies the pressure applied to the 
cable itself that the voltage and the methods of measHrement 
are entirely different in the two systems. When a sine wave is 
employed, the pressure may be read directly from an electro¬ 
static voltmeter between the end of the cable itself and the earth. 
Because they are sine waves the voltmeter reading multiplied by 
the square root of two or 1.414 gives the maximum value or top 
poinfcsof the voltage wave. If the maximum voltage on the cable 
is to be 50'then the voltmeter between the cable and earth should 
read 50/ 4/2 = 35.4. 

As has been pointed out above it requires a greater voltage 
than this applied between the apex of the bridge and the earth 
to produce the required pressure upon the cable because of the 
drop due to the impedance of the condenser. The apex voltage 
therefore depends upon the capacity of the condenser and the 

frequency. j. 4.1 

When a battery is employed, the open circuit pressure ot the 

battery is measured. If there is no condenser, then the cable is 

snbjectedtoapproximatelythefull battery pressure, which remains 

continuously applied aslon^ as the battery is connected. There 
is a slight fall of potential through the battery,which, in ordinary 
practice, may be neglected, since the battery resistance is small 
compared with the impedance of the cable. When a condenser 
is used and the battery is suddenly applied to the apex of the 
bridcre, the whole battery pressure, except the small loss already 
referred to in the battery, is applied between the cable itself 
and the earth since there is at the first instant no counter electro¬ 
motive force in the condenser to reduce the cable, pressure, the 
condenser being originally in the neutral state with no charge, 
and therefore no counter electromotive force. In time, how¬ 
ever, the condenser acquires a charge, and with it a counter 
electromotive force which increases from zero at the first 
instant to a value which finally prevents all current flow m 
the cable. The pressure upon the cable, therefore, begins at 
the battery pressure and rapidly diminishes with time until it 
has practically vanished in a fraction of a second. In either , 
case whether condensers are employed or not, the maximum 
pressure to which the cable itself is subjected is approximately 
equal to the battery voltage. The difference is that with con¬ 
densers this pressure is momentary, while without them it is 
continuous. The phenomena with a sine wave and a battery 
wave depend entirely upon the manner in which the electro- 
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motive force is applied. When applied suddenly as with a bat¬ 
tery the condenser lias not had time to acquire a charge or 
counter electromotive force before the maximum pressure is 
reached. With a sine wave beginning at zero and increasing 
gradually to a maximum, the condenser acquires a charge before 
the maximum point is attained, and therefore the apex pressure 
must exceed the cable pressure. The rule for obtaining equiva¬ 
lent voltage in the two methods may then be stated by the answer 
to the following question : “ What sine wave electromotive force 
steadily applied to the sending end of a cable, as measured by a 
properly calibrated electrostatic voltmeter inserted between the 
sending end of the cable and earth, produces the same maximum 
electromotive force in each wave as the maximum electromotive 
force applied to the cable by an earth connected battery, either 
directly as in ordinary simplex working without sending con¬ 
densers ; or to the apex of the bridge, and therefore through 
condensers, as in duplex working 
The answer is that the virtual alternating pressure or sine 
wave electrostatic voltmeter reading, which is 70.7 per cent, of 
the full battery voltage produces the same maximum pressure in 
each alternation or wave as the battery. For example, a sine 
wave which produces an electrostatic voltmeter reading of 35.4 
volts between the cable and earth is equivalent to a battery of 
50 volts whether applied to the cable directly or through con¬ 
densers. 

Why there is a Gain in Speed Using the Sine Wave Instead 
OP the Eattery at the Same Yoltage. 

The received waves through a long submarine cable are ap¬ 
proximately sine waves, whether true sine waves or even battery 
reversals are employed at the transmitting end. With the same 
maximum voltage at the transmitting end of the cable, however, 
the amplitude of the wave at the receiving end is greater when 
the sine wave is employed, which means that more energy is 
tiansmitted by the cable. This is equivalent to attaining higher 
speed, since with the same speed as the battery transmitter the 
amplitude of motion and delinition is greater; but by tightening 
the suspensions and quickening the natural period of the recorder, 
the same delinition and amplitude is obtained at a higher speed!, 
The reason why more energy is transmitted is plain. A wave 
such as battery reversals send to the cable may be analyzed by 
Fourier s theorem into a number of component simple sine waves, 
which consist of a fundamental wave and harmonics having 
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higher frequencies. Lord Kelvin’s theory maintains that it is 
only the first or fundamental term of such a series of waves 
which pass through the entire length of the cable with an appre¬ 
ciable effect, and this theory is fully confirmed by the experi¬ 
ments already described as a reference to the curves in Fig. 11 
will show. If, for example, the fundamental wave had a fre¬ 
quency of 5, the double amplitude of the recorder would be 
about .065 inches, which is a working value. The harmonic 
having doable the frequency of this, viz., 10, w’ould not have any 
observable effect upon the distant recorder, as this is beyond the 
limits of the observed curve (3), which extends to a point about 
a frequency of Y, where the double amplitude of the record is 
less than the width of the recorder line. It is therefore only the 
fundamental sine wave component of the battery wave which is 
useful in operating the I'eeeiver, and it is evident that this funda¬ 
mental wave has a maximum much below the maximum point of 
the battei-y wave. Let (1) Fig. 25 represent a sine wave which 
has the same maximum point as the battery wave (2). The only 
effective portion of the battery wave, as far as tlie distant receiver 
is concerned, is the fundamental term in its analysis, which may 
be represented by the sine wave (3), which evidently has a maxi¬ 
mum point considerably lower than the top of (1) or (2). 

The strain upon the dielectric of the cable is approximately 
the same for the battery wave (2) as for the sine wave (1), which 
has the same maximum value, but the effectiveness of the battery 
wave upon the distant receiver is only equivalent to the smaller 
sine wave (3). 

■ It thus appears that the many harmonics necessary to make the 
battery type of wave, are entirely useless in signaling, and intro¬ 
duce an extra charge into the cable which must be discharged 
between signals. 

Expbkiments Affecting the Chabacter op TelegbafhicCable 

Signals. 

The following experiments were made upon the No. 3 Aitantic 
cable of the Oommercial Cable Co. at Waterville, Ireland. The 
object was to determine the effect upon the character of the sig¬ 
nals produced by modifying in various ways the simple sine wave 
elements. 

Methods of Disohabging the Cable. 

a. The ordinary method of battery signaling connects the cable 
to earth daring the latter portion of each signal, which permits 
the discharge of the cable and separates the successive signals 
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The sine wave naturally separates the successive signals and tends 
to discharge the cable since the electromotive force reduces to 
zero for each impulse while the cable is connected to earth. If the 
cable is not connected to earth between letters and words it is 
ditficult to distinguish where the letter begins and ends upon the 
record. To furnish a path for the dischai’ge of the cable several 
metiiods were tried. A shunt resistance was directly connected 
from the apex to the earth, which furnished at all times a path 
for the discharge of the cable. This ai-rangeinent required that 
the generator should maintain the terminals of this shunt at the 
voltage desired upon the apex. This causes a load upon the gen¬ 
erator in addition to that required for signaling which increases 
more and more as the value of the shunt is decreased. In prac¬ 
tice on the Atlantic cable it was found tint the value of the 
shunt required to produce sufficient discharge is so small that 
the power required from the generator is out of proportion to the 
work of signaling proper. 

With the large capacity of an Atlantic cable it is best to have 
a direct earth connection without resistance. This is ordinarily 
accomplished in the battery system by means of a sounder trans¬ 
mitter in conjunction with the automatic transmitter, which dis¬ 
connects the battery and connects the cable to earth during the 
latter portion of each signal. 

This may be accomplished by the sine wave transmitter if it is 
connected to the sounder transmitter in the following manner. 
The electromagnets of the sounder transmitter are operated by 
local battery power governed by the perforations in the tape 
which passes through the synchronous transmitter geared to the 
generator. In place of the signaling battery the armature of the 
sine wave alternate)!’ is substituted. The size of the perforations 
in the tape governs the relative durations of earth connection to 
cnri’ent impulse. 

The above method utilizing the regular sounder transmitter 
produces the required result, but it is simpler and more reliable 
to entirely dipense with the sounder transmitter and use the sine 
wave transmitter alone, which accomplishes what the present 
automatic and the sounder transmitter togetlier accomplish. The 
method leferred to is the transmitter already described eixiploy¬ 
ing three separate lines of holes in the transmitting tape. Thus 
the number of contacts is reduced from six to three,* four of the 
six being required for the sbunder transmitter. Of a large num¬ 
ber of methods of accomplishing this result by the use of relays, 
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rectifiers, etc., the method employing three hole tape which en¬ 
tirely dispenses with any form of relay, with its continuous source 
of errors and delays, experience has shown to be one of the most 
simple and reliable., 

5. In order to ascertain whether there is any advantage in 
making an earth connection between successive signals of a single 
.letter a ring was mounted upon the shaft of the generator, so that 
the cable and earlh could be connected during any portion of a 
semi-cycle desired. This is equivalent to changing the size of the 
])erforations in the tape but affords an easier means of varying the 
earth contact. A series was taken, using the same transmitting slip 
and varying the degrees of earth contact fi'oni 0 to 60 degrees or 
one-third semi-cycle. These records were carefully compared and 
reported upon by the expert operatoi-s in Canso, who were pur¬ 
posely not informed of the changes that were being made, with 
the result that the best signals were reported when little or no 
earth was employed between successive signals. 

An experiment was made to determine whether the different 
letters of the cable alphabet are transmitted and received with 
equal facility, and if not, which letters of the alphabet are most 
legible at the liighest speed. It is understood that operators are 
now trained to read letters which have successive signals of the 
same polarity without detecting the individual signals, and indeed 
prefer such letters; but the following conclusive experiment was 
devised to determine the relative value of the so-called cross¬ 
letters of the alphabet, such as a.” ‘‘ n,” k,’’ “r,” etc., having 

successive signals of alternate polarity, in comparison with letters 
like m,” “ g,” h,” &c., having successive signals of the same 

polarity. Two lists of English words were prepared, one con¬ 
sisting of cross letters only, such as acre,’’ ‘‘ nearer,” center,” 
trace,” &c., and another of other words, such as should,” 
'^^how,” “plow,” etc., and no information as to the object of the 
experiment or of the words being transmitted was communicated 
to Canso. The messages were then transmitted at a rate higher 
than they could be read, and the speed gradually reduced until 
the extreme limit of legibility was reached. The result of these 
tests was that the cross letters could be read at a considerably 
higher speed. This,experiment was repeated several times, dif¬ 
ferent words being employed, with the same results. The above 
is an inherent defect in the present alphabet, an ideal alphabet 
being one in which each letter has the same limit of legibility. 
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An Automatic Transmittkr in which the Electromotive Force 
Applied TO TheOxVble is Modified for Certain Limiters Only. 

Since the ci*oss lettei-s of the alphabet have a higher speed 
limit tliau the other lettei-t*, it seemed desirable to make the same 
ttansmitter send the latter letters with the electromotive force 
somewhat^ modified without changing the cross letters. One 
method of easily modifying those letters which have two or more’ 
successive sinuses of the same polarity is to change the electro¬ 
motive force of the second and succeeding sinuses in magnitude 
only without changing its direction or sine wave shape.^ Plate 
III A shows a record made hy the siphon recorder on a local 
ciicuit with the transmitter thus modified, where it is seen that 
the second and third dots of the letter b,” instead of being the 
same size as the first dot, as they ordinarily are on a local circuit, 
are considerably reduced. On the other hand, the letter “ c,” for 
e.xample, and all the other cross letters, remain unaltered. It» 
the letter “ h ” the last three dots are small and the first large. 
This transmitter being entirely automatic, the relative size of the 
first and successive signals of these letters is under control, even 
without stopping the transmitter, by an adjusting rheostat. '’With 
tins transmitter a series of tests were made on the Atlantic cable, 
the receiving experts in Ganso being uninformed as to the 
nature of the experiment. It was found easy to change entirely 
the appearance of the modified letters at the receiver, from their 
noimal appearance with rheostat open, to a signal unrecognizable 
when the succeeding sinuses of the letters wei'e practieallv I'educed 
to zero by a change of the rheostat. The letter “ h,” for exam¬ 
ple, which normally rises from the zero line of the recorder at 
each successive signal, was made to remain horizontal or to de¬ 
scend, as desired. By this method it is possible to improve 
some of the letters, but othei-s, .such as “1 ” or “ y,» are appar¬ 
ently no better, if as good. 

Another method of modifying certain letters without altering 
others was tried with the three-hole tape transmitter, which con¬ 
sisted of applying a battery instead of the armature of the sine 
wave alternator to the two signaling brushes. Because the holes in 
the perforated tape are so large that consecutive perforations on 
the same side cut away all the paper between the holes allowino- 
the brush to make continuous contact through two or more con¬ 
secutive perforations, the cable only receives a single impulse 
at the beginning of a succession of dots or dashes of the same 
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polarity due to the sending condensers which quickly stop the 
current. The cable, however, receives a sufficient charge to 
cause tiie receiver to give the letters so affected their normal ap¬ 
pearance. Evidently the ^'cross letters” are not affected thereby, 
being the same as with the ordinary battery transmitter. An 
example of a record received by this inetliod is seen in Plate III, B. 

The results thus far obtained upon this cable indicate that, 
everything considered, the simple sine wave signals unaltered in 
any way give, on the whole, the most readable signals throughout 
the alphabet. 

Tkansformers. 

It is a natural step in the development and use of the sine 
wave of electromotive force for cable signaling to employ ordi¬ 
nary alternating current apparatus, among which the closed cir¬ 
cuit alternating current’transformer occupies a conspicuous place. 
Ir. was not until after a transformer had been obtained, wdth a 
view of using it m transmitting messages, that the good results 
obtained with transformers in England by Mr. Dearlove came to 
our notice. The transformer used was a commercial one, specially 
wound with five separate coils, designed to operate on 1,000, 500, 
5<)0, 50, and 50 volts respectively. 

In using the transformer for signaling, the alternator is con 
nected directly to the primary, while the secondary, which may 
be considered as the source of the transmitting electromotive force, 
is connected directly between the apex of the bridge and earth. 
This gives a permanent low resistance conne(ition between the cable 
and the earth and dispenses with any form of earthing device. 
The general effect of the transformer is to give a natural curb 
to the impulses transmitted through it, since a single positive 
sinus in the primary circuit produces both a negative and a 
positive sinus in the secondary circuit whose values depend upon 
the inductance and the frequency. Plate III 0 shows a record 
received in Canso, using a transformer for transmitting at New 
Yoik. It is seen that the letters like “ h,” which usually rise 
from the zero line, in t’his ease descend towards it. With an 
adjustable inductance, the general characteristics of the received 
record can be changed materially and at will, so that the “ s” or 
‘4i”may either rise from the zero line, descend toward it, or 
remain approximately horizontal. 

To determine whether the magnitude of the current received 
through the Atlantic cable is sufficient to operate a receiving 
transformer, messages were sent from Canso and received in 
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Waterville. The regular duplex arrangement was retained, and 
the primary of the transformer inserted where the siphon recorder 
ordinarily is, the condenser in series with the recorder being re¬ 
moved. The particular winding of the transformer then avail¬ 
able was not suitable for obtaining the best results over the cable, 
but records were obtained wdiich could be read, and the above is 
cited as showing that there need be no hesitation in employing 
transformers as far as the magnitude of the currents is concerned. 

The substitution of comparatively inexpensive transformers 
for the condensers now required in duplex working would be an 
advantage from many standpoints. In the’'future development 
of cable telegraphy, both the transformer and the condenser will 
probably play an important part. 

Conclusion. 

The real test of cable apparatus is' its efHcieiicy for continuous 
work in the hands of average cable operators, and* in the develop¬ 
ment of the details of the transmitter its 'rise in actual traffic on 
the Atlantic cable' for several days at a time has been of great 

One of the radical features of the transmitter shown is the 
employment of small steel brushes, making contact through the 
perforations in the tape with a platinum cylinder having a corru¬ 
gated surface. The present antomatic transmitters of the Wheat¬ 
stone type, make the electrical contacts at a'point away from tlie 
transmitting tape hy means of a system of levers. In using t\\0 
alternating current always interrupted at the zero point there is 
not the same objection to the use of briishes due to sparking 
which is the case when a direct current is suddenly I.)roken at a 
high voltage. Any system of levers is impossible*for very high 
speed telegraphy, and the elementsof atransrnitter could hardly be 
more simple and direct acting then making contact through’the 
tape with some form of brushes. It is evident that either form of 
transmitter may be used with the cable alternator, but the brush 
form as now perfected is preferred. ' ' 

The sme wave transmitter removes the necessity of any form 
of battery power for a cable station. The Same ’armatuVe fur¬ 
nishes the power for hand transmission, as. Well as aiitoniatie, and 
the same convenience in switching from one to the other is main¬ 
tained as at present. The present tendency in telegraphic 
engineering is to remove all forms of primary batteries as a source 
ot power, and the sine wave alternator combines this advantao'e 
with the most efficient form of wave for signaling. ” 
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As evidence of the character of the signals produced by the 
sine wave method as eorapare(;l with the battery method, a few 
examples have been selected from signals received at Waterville^ 
Ireland, transmitted from Canso, Kova Scotia, and from signals 
received in Canso transmitted from New. York, which are ap” 
pended herewith in Plate I. ^ 

Plate II shows three examples of battery signals received in 
Ireland transmitted, from Nova Scotia. 

Plate IV shows some comparative sine wave and battery 
signals showing the same message transmitted from New York 
to Nova Scotia, 

Plate V., shows a sine wave recor^ at the receiving end and at 
the transmitting endiof the C. I., cable. 

In closing this paper it is desired to record our appreciation 
of the very unusual facilities placed at our disposal by the Com¬ 
mercial Cable Co. of New York, extending over a period of 
nearly two years, and,,the valuable assistance rendered by their 

engineers, , : , i . , 

APPENDIX. 

SoMu: El ncmoMOTivp, Forces Obtainable with the 
, Transmitter. 

In the previous explanation of the .transmitter the orusheswere 
so placed that the signals were transmitted in the normal way. 
The effects of shifting both the commutator and transmitter 
brushes furnish a variety of electromotive forces. Peferring 
again to Fig. two additional collector rings o and d (not shown 
in the diagram) are pla(*ed upon each transmitter so that the 
simple alternating current rnav' be obtained directly from the 
whole armature. The rings are connected, one to each terminal 
of the armature winding c, being joined :to, segment (1), and i> 
to (2) commutator a. There are then upon the shaft the divided 
ring A and three collector rings, b, c and d. Upon a bear two 
diametrically opposite brushes (3) and (4), and upon b, c and n, 
three brushes (5), (6) and (7) respectively. Figure 26 shows a 
series of electromotive forces obtained hy joining any two of the 
five brushes (3), (4), (5), (6) and (7). By connecting brushes (6) 
and (7) a simple alternating electromotive force from the whole 
armature is obtained. By connecting (6) and (5), or (7) and (5) 
simple alternating electromotive forces are obtained from the 
half armature, exactly opposite in phase. When the commutator 
brushes (3) and (4) are set in the neutral position, curves 4 show 
the electromotive forces obtained by joining (3) and (5) and (4) 
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and (5) which are rectified electromotive forces of the lialf 
armature. This is the combination used for cable signaling. 

Figs. 27, 28 and 29 represent the electromotive forces obtained 
at the transmitter brushes p and q for three different positions 
of the commutator brushes (3) and (4), the connections being as 
shown in Fig. 3. The heavy line represents the electromotive 
force at brush p and the dotted line at brush q. Fig. 27 shows the 
electromotive force when brushes (3) and (4) are in the normal 
or zero position of commutation, Fig. 28 when they are revolved 
one-eighth, and Fig. 29 a quarter of a revolution from the neutral 
position. 

Three series of curves are shown in Figs. 30, 31 and 82, each 
set corresponding to the same position of dynamo brushes (3) and 
(4), as the electromotive force curves Figs. 27, 28 and 29 re¬ 
spectively. These series show the resulting electromotive forces 
obtained when the transmitting tape is used, having simple alter¬ 
nating perforations, and each begins and ends with the simple 
harmonic electromotive force, the succeeding curves representing 
the effect of shifting the transmitter brushes p and q one sixteenth 
of a cycle longitudinally along the tape by means of the microm¬ 
eter screw. The actual distance which the brushes move cor¬ 
responding to the consecutive curves is 1/80 of an inch. The 
heavy portions of the curves represent that which is transmitted 
through perforations in one side of the tape, and the dotted por¬ 
tions through the opposite side. Three series of curves were 
obtained upon the siphon recorder with the sine wave transmit¬ 
ter on a local circuit, and are exhibited in Figs. 33, 34 and 35. 
With sudden changes in ibe electromotive force the siphon 
moves across the tape without making a mark. The series ex¬ 
hibits a close similarity to the theoretical curves, Figs. 30, 31 
and 32. 



(Reproduced frotii Siplion Records, natural size.) 
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A. The Outtriss transmitter. Battery 36 volts max. on cable. 168 letters per minute, n — 4.9. 

B. Sine Wave transmitter, 80.8 volts max. on cable. 157 letters per minute, n _ 4,86. 
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Fig. 30. 

The series of curves shows the electromotive force acting in circuit 
(5), that is, in the transmission line, as the transmitter brushes 
are adjusted. 

The numbers opposite each figure indicate the phase of displace¬ 
ment of the transmitter brushes from the position they occupy 
when the commutator reverses the circuits. 

The commutator brushes are in the normal position. 

The heavy line, as in previous diatn^ams, denotes the part of the 
curves which is transmitted through brush circuit (3), and 
the dotted line through brush (4). 
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Fig, 85,—Jtli Phase, Siphon record corresponding to Fig. 83. 
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Discussion. 

Dr. Ceehore: —Mr. President, please allow me one word in 
explanation of tlie point that Captain Squier makes. The 
fact that we have some letters that require successive signals in 
the same direction makes it easy to read if they occur in a certain 
order. Expert readers can easily pick out an h if it is isolated ; 
but if you bad a succession of Ks or a succession of small 
which is three dots, there is only earth in between; or if, for in¬ 
stance, three c>s come out at the other end by a large alternating 
current, it makes a large record. If you had s s you would not 
get the separation between them that you would between s o, 
which is very easy to read. The point is that you have these bad 
letters, which are liable to occur in a succession and which you 
cannot easily read. 

Dr. M. I. Pupin: —I am very glad that Captain Squier and 
Dr. Crehore have brought up this subject, before the Institute. 
It is an interesting subject, and has been worked out by them 
very carefully indeed. We have all heard that a long submarine 
cable on account of its capacity, is a very slow thing, and when¬ 
ever we mention an Atlantic cable we also associate with it a 
certain amount of slowness. As a matter of fact I should think 
an Atlantic cable rather fast, because anything which is capable 
of dimpatinc/ as inucli as the Atlantic cable cannot be called 
very slow. Owing to the rapid increase of the attenuation con¬ 
stant with the frequency we have the infallible result that no 
matter how complex the current is which is sent in at one 
end, you are going to get at the other end its fundamental 
only. In other words, the amount of integral current that you 
send at one end of a cable'will be in no delinite relation to the 
amount of integral current that you receive at the other end. 
There will be a definite relation between these two amounts, if 
you consider the fundamental of the wave sent in. In other 
words, again, the wave energy which accompanies the fundamen¬ 
tal is the available energy. That is the energy which goes 
through. The wave energy accompanying the upper harmonics 
is not the available energy. The wave energy accompanying tlie 
integral current sent into a cable behaves something like heat; 
and you might say there is such a thing as an entropy connected 
with it. Now what these gentlemen propose to do—and the 
proposition is an excellent one—is to get electrical energy sent, 
in which there is as large an amount of available wave energy as 
possible, Tliere are two distinct advantages in that. In the first 
place, with a given impressed electromotive force at one end 
you can put a great deal more of available energy into the cable, 
and also with a great deal less of integral current than you would 
with a complex harmonic electromotive force. What does this 
bring about? The current sent in is smaller than when you use 
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a complex harmonic, and that seems !to be a clean cut advantage.. 
I do not think there is any doubt in anybody’s mind, who has 
listened to the paper, as to the strength of their argument and 
as to the strength of their position. 

The second excellent element in connection with this paper is 
that we have here, as far as 1 know, the first scientific measure- 
iBent of the alternating current elements which come into con¬ 
sideration when an alternating electromotive force is applied to 
a cable. I have often thought myself, how large a current it would 
be necessary to put in at the sending end in order to get enough 
at the receiving end of a certain line, to work the siphon 
recorder—a siphon recorder as sensitive as the ordinary one. To 
be sure, we can sit down and make that calculation if we know 
the impedance of the cable for a given frequency, but it is al¬ 
ways more encouraging to have actual experimental measure¬ 
ments, which Capt. Squier and Dr. Crehore have made. So 
that taking these two considerations into account, the one not 
<^^ly purely scientiiic but also a practical consideration, and the 
other a purely scientific consideration, I think that on the whole 
we can congratulate ourselves that these gentlemen have taken 
the trouble to prepare this careful paper and to have it embodied 
in our Transactions. 

Mr. P. B. Delany : — I want to make a few remarks in regard 
to the paper which has been read, and if any thing that I may 
say does not show reasonable familiarity with the merits of tlie 
paper I do not think it should be charged entirely to me, for un¬ 
fortunately, 1 have not had a chance to study, or even read 
it, owing to the fact that there was some failure in the distribu¬ 
tion, or delay in its preparation on the part of the gentlemen 
themselves, so that ^ it was not available. I w^ould like to 
make a few observations from a practical standpoint, and based 
upon what Dr. Crehore and Captain ISquier have explained in 
reviewing the paper. It would appear that the efliciency of the 
ordinary transmitter as drawn by Dr. Crehore on the board, was 
taken as standard, regardless of its mechanical construction. I 
have found by experiments, that the speed in transmitting signals 
depends very largely upon tiie duration of the contact—I am now 
speaking of ordinary cables—between the battery and the cable 
itself, or through the condenser; and that while at the apex of 
the cable the electromotive force rises, we will say, to its highest 
point, I do not think this makes much difference, as every wave 
is sinusoidal at the receiving end of the cable. In an experiment 
made a few years ago between Ireland and, I will say, this side, 
a trial was made of two transmitters, one being the ordinary 
Wheatstone modification shown by Dr Crehore. Without any 
change from the usual adjustment, the speed for regular signals 
was ascertained to be 188 letters per minute. The cable was 
then transferred to the other transmitter, having different kind 
of contacts for applying impulses to the cable. The speed at 
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the starting point was 207 letters per minute. That rate was 
taken at a guess and counted afterwards for verification. _ The 
arrangement for the trial was that the operator at the receiving 
end should make such observations regarding the character of 
the work as his judgment should dictate. At the first trial after 
the change of transmitters, at a speed of 207 letters, his remarks 
were, “Those signals are o. k, but too large. I will shunt _ray 
receiver and draw out the magnets”—it was an adjustable field 
—with a view of course of reducing the amplitude of the signals. 
He was told not to do tliat, but leave his magnets as they were, 
and to increase the tension of the adjustment of the suspended 
coil, to which is attached the siphon’ and take advantage of the 
increased power as indicated by the greater amplitude of the 
signals for (juicker return of the coil to the neutral^point. Hi® 
reply after receiving these instructions was, “All right. I will 
do as you say.” The speed was then increased to 222 letters a 
minute, and his reply was, “Those are o. k.” 

Then he was asked if they were good enough for traffic. He 
said, “Yes, they are good enough for traffic”—which is always a 
crucial test in regard to cable signals. Then the cable was put 
back to the original transmitter, making shorter contacts, and he 
said “Those are all there, but infinitesimal. Will you increase 
the battery or shall I slacken the adjustment He was told, 
as these gentlemen have pointed out, that they could not increase 
battery power, but he must do everything that he could to break 
down the discrepancy between the two transmitters, and after 
some adjustment he got back to the original speed, ISS letters a 
minute, and said that they were “fair for traffic.” There was a 
vast difference in the cons'truction of the two transmitters in the 
point of duration of the contact between the battery and the line, 
one being the Wheatstone—the ordinary modification of the 
Wheatstone transmitter, where the rods are worked by a walking- 
beam, making the contact on passing through the holes, and the 
other being a scraping contact, with brushes above the paper and 
brushes below, the duration of contact being altogether de¬ 
pendent upon the size of the holes in the tape, whereas in the 
other case of course it would make no difference about the size 
of the hole, so long as it was sufficient to admit the point. It has 
been observed here, and it has long been well known, that with 
an alternating wave, not irregular, but with uninterrujrted suc¬ 
cession, you can get a greater number of waves in given time 
than in any other ’way. I find on land lines, with chemical record¬ 
ing, that the regular make and break alternations, without any 
attempt at breaking the circuit at the zero point—will give a 
record at a speed three times greater, and with perfect distinct¬ 
ness, than where the impulses are sent successively from the same 
current. As Captain ISquier has observed, the definition cuts 
very little figure in the reading of cable signals. Unless the speed 
is very slow, or the cable very short, or the capacity very low. the 
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definition will not be such as to form a basis to guide the opera¬ 
tor. In the cross letters of course, even with ordinary reversals, 
there is a margin of speed very much greater than would be ad¬ 
mitted by the inherent difficulties in the formation of letters 
where successive signals are sent. Therefore the advantages of 
a sine wave for the cross letters are not necessary, because the 
ordinary reversal gives definition to a degree far in excess of the 
speed admitted by the other letters. The mere fact, of finding 
it necessary to put the cable to earth after each letter, shows 1 
think, that the claim made some time ago that breaking the 
circuit at the zero point eliminated difficulties arising from 
retardation caused by electro-static capacity, has not been i-ealized 
in practice. If it is found advantageous to discharge the cable 
between the letters, I think it is quite evident that a definition, 
such as might be expected, is not gained in long cables by the 
mere fact of the voltage declining to a zero point, at which it 
is broken. The paper has great interest and has done a great 
service, 1 think, in arriving at some scientific data with regard to 
the signaling capacity of a cable. 1 for one appreciate very much 
what these gentlemen have done, and if their theoretical premises 
are correct with regard to the gain in the speed of cables over 
other methods, although nothing appears in the paper to show 
the difference in actual transmission, I for one shall be very glad 
to recognize it. 

Du. Fkedekiok Bicdell: —We have had presented a paper on 
a subject of much importance, which should be carefully con¬ 
sidered and discussed from various standpoints. In using an 
alternating current in the manner described certain advantages 
have been gained, and it is proper to inquire what are the limit¬ 
ations and what are the possibilities in cable telegraphy, and 
whether advances are to be made in this direction, or in a dif¬ 
ferent one. 

The advantages of a sinusoidal wave for the transmission of 
current, whether it be for power or for other purposes, have long 
been recognized by engineers. So weighty are the arguments in 
favor of such a wave that the matter might be considered almost 
beyond controversy. Accepting then an undulatory or sinusoidal 
wave as being desirable for "telegraphic as well" as for power 
transmission, let us consider the features involved in its use. 

In substituting a more or less sinusoidal alternating wave-form 
for impulses of the crude rectangular type, the corners of the 
impulses are rounded off: and reactive disturbances avoided to a 
corresponding extent. This feature of the avoidance of sharp 
corners is a matter of very great importance in any system of tel¬ 
egraphy, be it alternating or direct. It is to be borne in mind, 
however, that the maximum reaction in an alternating current 
occurs at the zero point, and it is at just this point that the 
authors of this paper operate. With a rectified alternating 
current this effect is even greater, as will be obvious from an in- 
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spection of curve a. The sharp corners have been rounded off 
at the crest of the wave, but have been intensified so as to form 
a sharp point at the trough, the resultant wave being now far 
from sinusoidal. The code suppression of a semi-cycle still leaves 
a corner, as in curve h. But even with these defects the use of 
an alternating current is, as the authors show, an improvement 
on the usual practice, on account of the rounded corners at the 
crest. 

, Let us consider the effect of this sharp reactive point. In the 
apparatus which has just been described to us, two alternating 
electromotive forces are generated, of opposite polarity, and with 
coincident zero and maximum points; that is, electromotive 
force A is negative when electromotive force b is positive; 
then B is negative, while a is positive, etc. In the tape trans¬ 




mission, the cable is connected either to a or to b according to a 
code. 

The condition of the cable so far as stress is concerned may, 
perhaps, be more readily understood by considering two syn¬ 
chronous swings, one to represent electromotive force a and one 
to represent electromotive force b. These swings pass each other 
at the zero position when at a maximum velocity. Now imagine 
a passenger transferring himself from one swing to the other as 
they pass. It is true that the two swings are at the zero point 
at the time of transfer, this being the position which they would 
both have if at rest, but they are moving in opposite directions 
and at the maximum velocity. With the alternating current 
transmitter that has been shown to us, has not the cable the some- 
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what nncomfortable task of the passenger in his transfer between 
the swings? We know that the passenger would be subject to 
physical stress as well as to mental strain. Is not the cable sub¬ 
jected to a similar stress ? Would not its life be lengthened if 
this reaction could be avoided ? 

I have had occasion to do some work in the transmission of 
direct current impulses and am led to believe that a wave-form, 
as that shown in curve <?, possesses many advantages. This is a 
direct current, of sinusoidal wave-form, without reactive points. 
The electromotive force rises gradually from zero and descends 
gradually, so as to be more or less tangent to the zero line. I 
have found that such direct current impulses may be satisfactorily 
produced by a continuously operated graduated rheostat inter¬ 
posed between the battery and the line. 

By this means the line may be given a periodically increasing 
and decreasing potential, as the sine-wave in curve c. By 
properly grading the resistances, any desired wave form may be 
obtained to suit the conditions of service. 

The apparatus may be readily constructed so as to give a double 
series of direct current impulses, one positive and one negative. 



CURVE C 


Now when the cable is connected sometimes to electromotive 
force A and sometimes to b, according to a code, the change is 
made at the time of minimum reaction, and reactive disturbance 
is practically eliminated. 

If we consider two swings to swing so that they just meet but 
do not pass each other, our passenger could transfer from one 
swing to the other without inconvenience. Any possible code 
selection of impulses from a or b can not introduce a sharp 
point in the resultant curve, the transition being always gradual, 
a feature conducive to higher speed, higher permissible voltage, 
and (what must not be overlooked) a lessened liability to inter¬ 
ruption and greater life of the cable. 

There is one point of consideration in the matter of electro¬ 
static hysteresis whicli is of physical interest. Its effect is such 
—either to a greater or less degree—that electromotive force and 
current cannot both be exactly harmonic. This is well recognized 
with ferric hysteresis, and the same is true when we have a 
capacity with an electro-static hysteresis loop.^ The effect of 
such hysteresis is that to obtain a true sinusoidal current, the 
electromotive force must be adjusted so as to deviate to a certain 
extent from a sine-wave. 


1. Such a loop obtained by the speaker with others is ;?iven in the Trans¬ 
actions, page 535, vol. x. 
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In regard to the matter of equivalent voltage of a sinusoidal 
veave and any other, I would be inclined to take a position even 
more favorable to the sine wave than have the authors of this 
paper, who say that a sine wave with virtual voltage of 35 is 
equivalent to a battery voltage of 50, applied either directly or 
through a condenser. On account of the easy application and 
withdrawal of an undnlatory electromotive force, I am inclined 
to believe we are nearer the truth if we take its virtual value as 
its true measure, and say that a sine or undnlatory wave, either 
direct or alternating, with a virtual value of 50, as measured in 
any usual way, is equivalent to a battery voltage of 50 applied 
with full initial value without gradation. ^ 

In closing I beg to express my very high appreciation of the 
paper to which we have listened and to repeat my advocacy of a 
sinusoidal or undnlatory wave and to call attention to the reactive 
disturbances which have been mentioned. 

De. Ceehoee: —Mr. President, I want to take this opportu¬ 
nity of speaking on a special point raised hy Dr. Bedell, and 
give the views as they appear to me, illustrating them by the 
diagram. It must be borne in mind that there are few kinds of 
letters in cable signaling 5 what we call the cross letters and let¬ 
ters that have signals in the same direction.^ It is almost im¬ 
possible, at least'l do not see how it is practical at the present 
time, to employ sine waves strictly for both kinds of letters, if 
you are going to use sine waves at all you should take the choice 
which kind of letters you will have the true sine waves operate, 
and I think it is most important to have the cross letters with the 
sine wave. Dr. Bedell’s method uses the sine wave^ for the 
letters which are not cross letters, but does not use the sine wave 
for the cross letters. Allow ,me to redraw the curve. This 
(making diagram) being the zero axle, the letter A could consist 
of this, followed by that The simple reversals would be, com¬ 
ing down hereto the tangent. Now in no sense can we consider 
that a sine wave for sending impulses through the cable. The 
effect of such a wave as that would be equivalent^ in operating 
the receiver at the other end, through a motor sine wave. In 
other words, I anticipate that if such a wave as either of those 
two were tried you would get just the same result at the other 
end of the cable. You have to use a higher voltage in connec¬ 
tion with Dr. Bedell’s proposal than you do with a true sine 
wave. The sine wave which is proposed is double the fre¬ 
quency of the sine wave which we use. If you are working at 
a period of 5 , which is a normal working period, therefore the 
other wave must have a frequency of ten. Though you send 
that sine wave directly into the cable, without having a direct 
current, or even if it is a direct current, at the other end you 
cannot see anything but a slight tremor, if you see that.^ In 
other words, having the recorder in the series, and sending in 
like that, you get practically the same thing. It will start up 
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there and go down to the zero line, because the condenser at the 
other end stops all current and you only get the pulsations after 
a while. Therefore it is unimportant what shape of curve these 
successive portions have for a given letter. T'or this reason if 
you send the hrst one alone and then allow the cable to be insu¬ 
lated until you care to send a reversal in, or the earth, the re¬ 
cord is good at tlie other end. When you apply a battery to our 
brushes that is what happens. To illustrate by a particular case 
take the letter b. We have holes in the paper like tha %—a dash 
and three dots. The brushes here make continuous contact there 
from beginning to end. If yon apply a battery on these impul¬ 
ses you will find you get a negative impulse and then a positive 
impulse, which stops the current, and it remains stopped until 
you come to the end. We find that method gives good signals. 
They look better than they do to put anything in separately for 
these successive ones after the hrst. And I am very desirous of 
making a perforator which will send these signals. ‘ These holes 
represent a. (Illustrating). You will get a better record at the 
otner end by doing that than you will by retaining these other 
impulses, c is a dash, dot, dash, dot. If a perforator is going 
to strike the hole in the upper line for a dot and n hole in the 
lower line for a dash and then one on the lower line for a space^ 
it is difficult to do it with these feed-holes alone, since you have 
a punch which requires the operator to learn a different method. 
Of course a letter perforator, which is the coming kind of perfo¬ 
rator to use, will easily overcome that difficulty and I hope we 
can experiment with such a plan as that. The point then of ob¬ 
jection to this is that it has double the frequency of the sine 
wave and does not apply the sine wave to the most important 
case that exists \ and it requires a higher voltage. 

President, when I listened to Dr, Be- 
dell s suggestion it struck me at first as a very reasonable one. I 
have since thought, however, of one or two of the points men¬ 
tioned' by Dr. Crehore, and it occurs to me that there is one 
other thing in Dr. Bedell’s suggestion which is not altogether 
rational, and that is that he loses sight of the fact tliat the cir- 
cpit is only broken wlien the current is zero. That is, the velo- 
eity of zero is an analogy of the two breaks. It would not apply 
in that case because the scheme only anticipates breaking the 
current when the circuit is at zero and has an adjustment in the 
machine for actually reaching that condition. 

Me. C. P. Steinmetz Mr. President, I have listened to the 
paper with very great interest, and consider it as one of the most 
important contributions, illustrating the investigation undertaken 
by the writers of the paper and continued now for several years. 
Considering that telegraphy is one of the oldest things in elec- 
trical engineering, and has made enormous strides in the last part 
of the century, it is remarkable that almost no attention has been 
given to the generating part of the power used in telegraphing- 
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Since an early day the same power has been nsed for make and 
break, and no attention has been given to a scientitic investiga¬ 
tion of the problem of generating power for telegraphy. The 
first investigation that I know of are these investigations of Dr. 
Crehore and Capt. Squier, and I‘think the results derived from 
them are of extreme importance. When the first paper w^as 
brought out by these gentlemen it struck me as showing the 
importance of using the sine wave. The same thought struck me 
which w^as referred to by Dr. Bedell to-day. In reality they do 
not use a sine wave, as I understand, but half a wave followed by 
a space. They do not use a complete wave. Now half a wave 
is not a sine wave. If you use the two half waves here—(illus¬ 
trating by diagram on the board) it should be first said in the in¬ 
vestigation that in a cable it is separated from the condenser. 
The change of electromotive force is the only thing that is im¬ 
portant. What you really get by an adjacent wave of the same 
direction is the alternating current of greater frequency ; and the 
positive part of the wave being rounded and the negative part 
being sharp, such a wave should be expected to wmrk in a cable 
like this. The effect of using the half sine w’-ave is a change to 
the double fre(}uency, and a reduction of the effective value of 
the electromotive force. Now we have this cable a,cted upon by 
two frequencies and two electromotive forces. In frequency the 
upper signals follow each other with full electromotive force and 
the sub-freqneiiey descends, which acts like such a wave—(illus¬ 
trating) that is a wave of double frequency and effective value 
less than half the other one. Looking at this it should be ex¬ 
pected that the most important of those Ifigh frequency waves 
was a higher electromotive force than the sine wave, because this 
wave can take care of itself and will smooth out, and that is still 
higher than the effective value of this distorted wave. That 
should be expected. I believe this wave proposed by Dr. Bedell 
would he preferable. This wave can be produced very easily by 
a machine. For in>tance, take a machine with a collector ring to 
one point of the armature, and then with a controller ring to one 
part of the commutator brashes and you get it this way. (Illus¬ 
trating) It seems from Dr. Crehore’s statement that experience 
does not agree wdth his theoretical reasoning,^ and the reason is 
something which I have not foreseen, and w^hich I do not think 
could be foreseen by anybody who has not especially stivdied the 
thing radically; and that is that you really do not use these suc¬ 
cessive half waves as an electromotive force. You have successive 
half waves in the same direction, but there is not a sine wave^ 
but a steady electromotive force; and in this case where you 
want a steady electromotive force the wave shape is imraateriaL 
All you want is the maximum quantity of electromotive force, 
and the larger quantity you get by the sine wave rather than by 
this pulsating sine wave. That probably is the reason why the sine 
wave is preferable for the lower frequency only and the wave 
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shape in general is immaterial, because what we get then is a 
constant electromotive force. 

Mb. IIammee:— Mr. President, I wooid like to ask Mr. Delanj, 
Dr. Crebore, and Capt. Sqiiier, one practical question, which it 
would^ be desirable to get on the record, if these gentlemen have 
no objections, and that is the maximum speed that they obtained 
Tinder commercial conditions. It may be desirable to explain the 
circumstances under which that maximum speed is attained. 

Capt. Sqltier: —Mr. President and gentlemen, I can sav that 
practically the same apparatus has been in actual traffic use on an 
Atlantic caole for several days at a time, during its development, 
in the last two years, and we are largely indebted to that actual 
practice. There are many things undoubtedly still to be de¬ 
termined which can only be determined by the test of actual 
traffic. When we come to speed, it is a difficult matter to state 
any way. They use one speed for traffic, where they require 
code words, which is a large per centage of the traffic nou\ such as 
the stock market, and have to use a slower speed. All I can say 
IS we make a material gain in speed all along the line, for an 
equivalent voltage; hut to state the exact amount would be im¬ 
possible, because it depends on the particular cable, and the staff 
at the ends. A great deal depends on the people using the cable, 
borne men can read almost anything; they can almost read 
straight lines, they are so expert. So the whole matter is rather 
a difficult one to state, and it we state a gain in per cent, we have 
to explain how and under what conditions. So I only sav in 
pneral it has proved more effective than any other wave' we 
have employed. We have three books of sample signals here, 
which are open to any of you, and you can make a comparison 
lor yourselves. 

De. Keotellt Mr. President and gentlemen, we have had 
a theory of alternating current transmission as applied to sub¬ 
marine cables ever since Lord Kelvin’s classical work upon that 
subject, prior to 1865; but I venture to say that we have had 
no practice, or practical knowledge, with a check upon the re¬ 
liability of that theory, in published form until today. The im- 
portance of this paper it is difficult to overestimate, on account 
ot the great value it may have from a practical standpoint and 
on account of the still greater value it must inevitably have upon 
the engineering advance in this direction. During' the last fif- 
teen j ears very little progress has been made in the direction of 
increasing the speed upon long submarine cables. On short 
cables no one cares about the matter. You can put down any 
piece of wire in a cable, and insulate it well, and so long as it is 
tirne-constant, that is to say, so long as the product of 'its ohms 
and tarads does not exceed one second—yon multiply the num¬ 
ber of farads by the number of ohms and get the product in 
seconds, and so long as you do not exceed one second, if yon 
have a short cable, you can work it any way yon choose, but 
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when you take a long cable, the time-constant goes up as the 
square of the length, the core remaining the same. When you 
come to five and six seconds, such as the Atlantic cables have, 
you have to apply the most refined means known to engineers in 
order to obtain commercial rates for the cable, and an advance 
of ten per cent, in the rate of signals is a material gain; material 
financially, because it means that you can employ a smaller core, 
less gutta percha, and less copper; material from a traffic point 
of view, because with a given cable once laid, you can send more 
words through it per minute. All this has been known and re¬ 
duced to practice for ordinary rectangular wave, battery trans¬ 
mitters; but we have not till to-day had available measurements 
for alternating current transmitters. Looking upon the matter 
from an engineering standpoint, as these gentlemen have done, 
considering that you have a motor at the distant end of a long 
cable and that you have an alternator at the generating end, then 
it goes without saying that the sine wave method of transmission 
must be right. I think that will be a self-evident proposition, 
as soon as you consider it carefully. If you were to apply an 
ordinary current wattmeter at Ireland and transmit in to the 
generator in Canada a given amount of power in watts by the 
rectangular wave, that is, by the sinusoidal wave, the same 
amount of power transmitted in the two cases would show much 
greater received power in Ireland for the sinusoidal wave than 
it would for the rectangular wave. Considered from the en¬ 
gineering standpoint of the transmission of energy, all the 
harmonics in the rectangular wave represent waste power. 

So far we are dealing with the supposition that you are going 
to take power out at the receiving end; and that is not practi¬ 
cally true, because you do not have a wattmeter in Ireland; you 
have a delicate instrument which requires about 80 microamperes 
■of current to operate it, and is not the same as a wattmeter. 
Moreover one does not send a sequence of reversals. The im¬ 
pulses sometimes alternate, and sometimes are successively simi¬ 
lar. Therefore it is necessary to introduce some modification 
in the case and change from the pure case of the transmission of 
energy to the case of the transmission of intelligence from the 
wattmeter, which knows no distinction of persons, to the eye 
which has to be trained to read these signals. As Capt. Squier 
clearly expressed it, you can find one man who will read those 
signals and will be able to receive the current at a certain fre¬ 
quency, and another man may not be able to do it. The result 
is that although it is absolutely certain that the sine wave trans¬ 
mission must be much better than ordinary rectangular trans¬ 
mission for power to a motor or wattmeter, the disproportion is 
probably not so great, when you come to mixed signals to a si¬ 
phon recorder. Undoubtedly there must be an improvement. 
The sine wave with the omission of all the harmonics must have 
.a distinct advantage ; but the advantage ought not to be as great 
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when dealing with a siphon recorder as they would be if . you 
simply liad a motor. You have a mixed problem there and it is 
impossible to i^et accurate results until you have some machine 
which will read and decipher standard signals. But there can 
be no doubt that even if this system were not introduced into 
practice, we owe much to the authors for the clear and scientific 
way in which they have presented their results. 

Me, I)ELANY:--Mr. President, in regard to the inquiry relating 
to speed over the Atlantic cable; as Capt. Squier has pointed out 
it is a very wide question, depending very largely upon the cable 
and its insulation and its resistance, and also to a certain extent 
on the people who are operating it, although there is a standard 
of safety in cable telegraphy which holds it down to the abilities 
of any man in the office who is permitted to work the cable. 
The signals must be plain enough for every man in the office to 
decipher them, and the speed of the machine, as matter of fact, 
is independent of the receiver; the speed of the cable is indepen¬ 
dent of the receiver except to the extent that the receiver is sup¬ 
posed to translate the signals as fast as the machine will produce 
them, although the machine may run ahead of the man who is 
transcribing, and of course at the transmitting end, which is 
worked by rnacninery, the speed has nothing to do with the ope¬ 
rator. Over the 1873, 1874 and 1880 cables of the Anglo-Amer¬ 
ican Company, for instance, the speed does not vary very much. 
The highest signaling over the 1894 cable that I am aware of, 
with regular "traffic in the middle of the day, has reached 252 
letters, or 50 words per minute, wdth the traffic just as it 
came ; and no cable traffic is easy except perhaps a new^spaper 
report. _ 

Peof. Owens : —Mr. President, I have had the fortune of seeing 
something of this apparatus, and I wish to say that 1 also appre¬ 
ciate the presentation of the paper here. I think it can be clearly 
seen that the authors have' demonstrated the advantages of the 
sine wave. Why the alternating current has not long ago been 
applied to the transmission of energy for distributing intelligence, 
I fail to see. One of the most interesting points in the cable, to 
me, is the apparently established direct line of relation between 
speed and electromotive force. The second important point is 
the advantage of the sine wave over a battery wave of the same 
maximum amount. If nothing more than these two points were 
proven, as they seem to be, I should consider the paper of ex¬ 
treme benefit. The apparatus as such is very perfect and it alone 
would seem to he a great advance as far as 1 am familiar with 
the subject. We are indebted to the authors for presenting the 
result of their work here. 



1900 .] 


BISCUSSJON AT PHILADELPHIA. 


443 


[Communicated after Adjournment by Dr. Bedell.] 

A point lias been well brought out by Dr. Crehore in regard 
to code, and that is the matter of good and bad letters. The for¬ 
mer are cross letters and the latter are letters that have signals 
in the same direction. The fact has also been pointed out by 
Mr. Del any that it is generally found that the speed is restricted 
not by the cross letters but by the bad letters with successive im¬ 
pulses in one direction. In my remarks, a wave-form coming 
gradually to zero was indicated which would help these bad let¬ 
ters. The variation being always sinusoidal, it is likewise well 
adapted to the cross letters ; but the greatest advantage comes in 
the bad letters by avoiding such bad effects as accompany the 
sharp reactive point which occurs between successive impulses of 
one direction, obtained from a rectitied alternating current. 

1 may add that from the fact that a higher voltage may be 
permissible with sinusoidal direct current impulses, on account 
of reduction in the strain upon the cable, resulting from the elim¬ 
ination of sudden inductive reactions, it does not follow that a 
higher voltage is necessary when such impulses are employed. 

With reference to the remarks made by Dr. Crehore, that 
sinusoidal impulses of one polarity (curve c) may be considered 
as waves of double frequency, Mr. Steinmetz has clearly shown 
that a rectitied alternating current gives a series of impulses of 
double frequency which are non sinusoidal, so that only their 
fundamental harmonic is available and the effective value is 
much reduced from what it would be were the waves sinusoidal. 
It may be that no one fixed wave-form will possess all the vir¬ 
tues and be the best for every letter and every code, but we may 
study the difficulties and minimize the weak points and accen¬ 
tuate the strong, adapting our wave-form to meet the conditions. 

The President: —If there is no further discussion the Com¬ 
mittee on liesolutions is ready to report. I will ask the Chair¬ 
man to read the resolutions. 

The Chairman of the Committee, Mr. Calvin W. Rice, pre¬ 
sented the following resolutions: 

Mr. President: —In accordance with the motion of Mr. Dunn, 
and the action of this meeting, we, the Committee appointed by 
you to propose such resolutions as will fittingly acknowledge the 
courtesies and hospitality, received at the hands of the Philadel¬ 
phia Reception Committee, and our brethren in Philadelphia in 
general, do hereby report, and present for your consideration 
and adoption the following expressions of appreciation. 

Resolved : — That we hereby express to the members of the Philadelphia 
Local Committee, to the members of the Institute in Philadelphia, the Franklin 
Institute, to the Trustees of the Drexel Institute, the Morelton Club, the Manu¬ 
facturers’ Club, the William Cramp & Sons Ship and Engine Building Co., the 
Baldwin Locomotive Works, and to such other Corporations as have given us 
the freedom of their establishments and contributed to our entertainment, and 



444 GREHORE AND 8QUIER ON THE SINE WAVE. [May 18, 

to all other to whom we are indebted, our sincere appreciation of and thanks 
for the many courtesies they have on every hand extended. These courtesies 
and hospitality but uphold the tradition of the city of our hosts for the kind* 
ness of its welcome. And be it further 

Resolved That these resolutions be spread upon the records of our society, 
and suitable copies be sent to the Chairmen of the Committees and the repre¬ 
sentatives of those whose invitations it has been our pleasure to receive. 

CALVIN W. RICE, 

GEORGE P. SEVER, 

W. W. KER. 

Me. Du™:— Mr. President, I move the adoptions of these 
resolutions by a rising vote. 

The Seoeetaey: —]3efore the vote is taken I would suggest 
that the resolution be subject to amendment by the insertion 
of certain names that may have been omitted by inadvertence, 
in order to make it complete. 

Me. Eice :— 1 accept the amendment. 

Seconded and carried. 

The Peesident The next paper will be Telephony over 
Cables and Long Distance Air Lines,’’ by Dr. M. 1. Piipin. 
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WAYE TEANSMISSION OYEE EOE-ITJ^IFOEM 
CABLES AND LONG-DISTANCE AIE-LINES. 


BY M. I. P0PIN, PH.D. 

This paper describes an experimental investigation of a method 
of constructing cables and long-distance air-lines for power trans¬ 
mission by electrical waves, particularly for long-distance tele¬ 
phony and telegraphy. This method is a pi-actical application 
which offers an experimental test of the general, mathematical 
theory of wave-propagation over non-uniform conductors, which 
is given in the second part of the paper. The first part contains 
^ physical explanation of this mathematical theory and a descrip¬ 
tion of experimental researches bearing upon it. It also describes 
an experimental verification of long-distance telephony over non 
uniform cables. 

Physical Theoey of Electeioal "Wave-Peopagatioft ovee 
Cables akd Long-Distance Aie-Lines. 

A. Wme Propagation Over Uniform Conductors. —Trans¬ 
mission of electrical energy over conducting wires is a wave 
transmission when the distance between the transmitting and 
the receiving apparatus is sufficiently long to permit the develop¬ 
ment of electrical waves. Such a transmission exists in long¬ 
distance telegraphy and telephony. It does not exist to any 
practically appreciable extent in ordinary transmissions of elec¬ 
trical power by alternating currents over distances which up to 
the present time have been bridged over by electrical power 
transmission lines. In cases of wave transmission considered 
here the conductors will be called woAie conductors. The circum¬ 
stances attending wave transmission are considerably different 
from those attending ordinary electrical transmission and should 
be carefully differentiated from them. In ordinary transmission 
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the reactions set up in the receiving apparatus are the most 
essential reactions which the force impressed by the transmitting 
generator has to overcome. The reactions set op in the trans¬ 
mitting line itself are small in comparison to it. The case is 
analogous to the transmission of power from the piston of a 
steam engine to a motor connected to the engine by a short, stiff, 
piston rod. The reactions set up in the piston rod itself are 
small in comparison to the reactions which the motor opposes to 
the driving pressure. Hence, neither the elastic nor the kinetic 
reactions of the piston rod, nor the reactions due to internal fric¬ 
tional resistances in the rod are seriously thought of when we 
analyze the reactions attending this case of power transmission. 
But consider now what will happen if we increase the distance 
between the piston and the receiving motor and consequently 
increase the length of the piston rod. We can no longer consider 
the rod as a perfectly rigid connection between the driving 
pressure of the piston and the reactions of the receiving motor. 
The rate at which the piston delivers energy at any moment is 
not equal to the rate at which energy is delivered at the receiving 
motor at that moment. There is a lag in phase. The energy 
transmitted is first stored ^up in the piston rod and then delivered 
from the rod to the receiving motor. While it is stored up in 
the rod it exists partly as kinetic energy of the moving mass of 
the rod and partly as potential energy, due to the rod’s elastic 
deformations. The process of transmission consists in successive 
transformations of the kinetic into the potential energy of the 
rod and vice versa. These transformations being progressive the 
energy is propagated along the rod, and we say that the propa¬ 
gation is a wave propagation, in order to state in a single word 
that the progressive motion along the rod is a periodic one. 
Analogous conditions exist when electrical energy is transmitted 
by a periodically varying electromotive force acting on a long 
conductor. The transmission is not a direct one 5 the transmitted 
energy is first stored up in the medium surrounding the transmission 
line, and from there it is transferred to the receiving apparatus. 
While it is stored up in the medium it exists there partly as mag 
netic energy stored up in the field of magnetic flux and partly as 
electrical energy stored up in the field of electrical flux. The pro¬ 
cess of propagation consists in the progressive transformation of the 
magnetic into the electrical energy and vice versa. When the elec¬ 
tromotive force impressed by the transmitting generator is a peri- 
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odic one the propagation will be intlieform of electrical waves. 
The expression “electrical wave ” is nothing more nor less than a 
brief s'aternent of the physical fact that in the case under consid¬ 
eration the energy which at any moment is stored up in the 
medium surrounding the transmission line is distributed j)eriodi- 
cally over this line. The current and the potential also 
vary periodically. At points of maximum magnetic energy the 
current is maximum, and at points of maximum electrical energy 
the potential is maximum, lioughly speaking, points of max- 
imutti current are points of minimum potential and vice versa. 

Wave-length. —Consider now the di.stance hotween any two 
consecutive points of minimum current or minimum potential. 
This distance is a half wave-length, yuppo.sc that the im 
pressed electromotive force is a simple harmonic of frecjuency 
600 p.p.s. Say that we find the wave-length to be IS mihfs, the 
velocity of propagation will he 10,800 miles per second; considera¬ 
bly less than the velocity of propagation of light through a vacuum. 
To some this numerical illustration may seem as highly improb¬ 
able, for we are accustomed to hear much of electi-i(;ity being 
propagated with the velocity of light. Ihit it should be remenr- 
bered that this is true under certain particular conditions only. 
The velocity of propagation of electrical waves of telephonic 
frequencies over conducting wires may be anything from the 
velocity of light down to a few inches, or even less than an inch, 
per second, depending on the inductance, resistance, and capa- 
city of the line. Ihe smaller the velocity the shortin', of course, 
will be the wave-length for a given freipiency. The tcaw-length., 
as will be seen presently, plays a very important part in this 
investigation. It is considered here as one of the eliarar.teristic 
constants of wave propagation. 1 am not aware that previous 
investigators of the propagation of long electrical waves have 
devoted any serious attention to this characteristii! constant. 

AUemiatton Gonutant .—There still remains another constant 
which with the wave-length completely deiine.s electrical wave 
propagation. It is called here the atten'aatloti eonKtant. To 
bring out its physical meaning consider two conaeimtive half 
wave-lengths at any moment. The one nearest to the tran.smit- 
ting apparatus shall be denoted by a and the other by n. The wave 
energy stored up in the medium surrounding a is greater than 
that stored up in the medium surrounding n. Umice wave 
energy is gradually dissipated during its propagation from the 
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transmitting to the receiving apparatus, and therefore the 
amplitude of both current and potential become smaller as the 
energy progresses along the transmission line. Let U be the 
amplitude of the current at the transmitting end, and Z7s be the 
amplitude at a distance s, then if the line be considered in¬ 
finitely long 

U, -ps 

where e is the base of Naperian logarithms. The constant ^ is 
called here the attenuation constant. The mathematical expres¬ 
sion for is well known 


pL\ 


where Z, Z, are the inductance, resistance, and capacity, re¬ 
spectively, of the wave conductor per unit length, and^ is the 
frequency speed. Much confusion exists in the minds of 
physicists as to the real significance of this constant, and as to 
the true cause of current attenuation. It is usually stated 
that the capacity of the line, acting as it does somewhat like a 
shunt, is the cause of all the trouble experienced in electrical 
wave transmission. This statement contains a small part of the truth, 
only, and for that reason may and actually has become mislead¬ 
ing. The fact that a conductor possesses inductance and capacity 
shows that the medium surrounding it is capable of storing up 
energy, which, indeed, is a blessing; it cannot possibly signify 
that energy propagated along it will be dissipated; and if capa¬ 
city cannot cause a loss of energy, how can it possibly cause an 
attenuation of current? The dissipation is due to imperfect 
conductivity of the wire, and to that alone. Inductance and 
capacity regulate it, they do not cause it. 

Consider now the manner in which this regulation is effected. 
The dissipation of the energy transmitted occurs at the time 
when it is stored up in the medium as magnetic energy ; for if 
the medium surrounding an element ds of the transmission wire 
contains a quantity d W oi masmetic energy, then a current 
must flow in that element such that 

^ IT ^ Lx^ d s 
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Let dS be the rate of dissipation in that element, then 

d H Bx^ d 8 

Suppose now that bj some means we increase L to Z, the 
medium surrounding the elements ds will store up the same 
amount dW oi magnetic with onen^^ of the current, for 

d W = i L [x/nf d s 

Let dill be the rate of dissipation in this case then 
d lli= R {xjri)^ d s d H/n? 

It follows, therefore, that during the transmission of a given 
quantity of energy over a conducting wire the dissipation will be 
diminished by increasing the inductance of the wire, for 
if the wire have high inductance then small currents are required 
to transmit a given quantity of energy, and small currents incur 
small ohmic resistance losses. 

By increasing the inductance the efficiency of transmission is 
increased just as effectively as byjncreasing the conductivity of 
the transmission wire. 

Distortionless Wave Conductors ,—Another important advan¬ 
tage is gained by increasing the inductance. The expression for/3 
given above shows that attenuation depends on frequency; it in¬ 
creases with it. Hence, in telephonic transmission where waves 
of complex harmonic frequencies are propagated over the line 
there will be distortion of the waves, because upper harmonics 
will be attenuated more vigorously than the lower frequencies. 
This results in a distortion of speech, which is noticed in long' 
distance telephonic transmission as defective articulation. Some 
instructive experiments bearing upon this point will be described 
presently. High inductance obviates this difficulty. To illus¬ 
trate—suppose that the inductance is large in comparison to the 
resistance, the expression for ^ will reduce to 

^ = r/^s/1TTl, 

It is independent of the frequency. All frequencies are atten¬ 
uated ajike, so that high inductance not only diminishes attenu¬ 
ation but also renders the circuit distortionless. Such a circuit 
is the ideal circuit for telephonic and telegraphic wave trans¬ 
mission. 
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Mr. Oliver Heaviside, of England, to whose profound re¬ 
searches most of the existing mathematical tlieorj of electrical wave 
propagation is due, was the originator and most ardent advocate 
of wave conductors of high inductance. His counsel did not 
seem to prevail as much as it deserved, certainly not in his own 
country. I trust that the physical view of attenuation described 
above in the terms of the dissipation of energy which is trans¬ 
mitted over the'wire will help to elucidate Mr. Heaviside’s theory 
of high inductance wave conductors. 

Wave Propagation overNon-TJniform Conductors. —But Mr. 
Heaviside’s proposition to employ wave conductors of high in¬ 
ductance contained a serious 'difficulty which his mathemat¬ 
ical theory was not capable of overcoming. The difficulty is this: 
How can a wave conductor be constructed so as to have a high 
inductance? Ordinary circuits can be endowed by as much in¬ 
ductance as may be required by simply introducing a coil of 
proper dimensions, with or wdthout an iron core, into it. But 
this will never do in the case of a wave conductor; for a coil in¬ 
troduced that way will act by reflection as a barrier to electrical 
waves. Acting on a suggestion made by Mr. O. Heaviside^ in 
1893, wave propagation experiments over long wave conduc¬ 
tors containing a certain number of coils in series at period¬ 
ically recurring points have actually been tr,ed by telephone 
engineers; the results obtained have invariably proved most dis- 
appointing. I shall return to this point later on in connection 
with the description of experiments given further below. Suf¬ 
fice it to state here that all attempts to increase the inductance of 
a vvave conductor by the introduction of inductance coils at 
periodically recurring points failed, because they had no mathe¬ 
matical theory to guide them, so as to avoid the difficulties of 
wave reflection by inductance coils introduced that way. It is 
hardly worth while to enter here into a discussion of the many 
other attempts at increasing the inductance of a w^ave conductor 
by devices which had neither theory nor experiment to recom¬ 
mend them. In fact, most of them were absurd on the face of it. 

The first mathematical theory dealing with wave propagation 
over conductors of this kind was presented by the author before 
this Instittoe on March 22d, 1899.^ A more complete theory is 
given in the second part of this paper. The main features of 

^ Heaviside, 0.—“Electromagnetic Theory,” vol. i., p. 435 . 

»Pupin, M. L—“ Propagation of Long Electrical Waves;” Transactions 
vol. XVI,, p. 93, 1899. 
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this theory are extremely simple and can be explained by a sim¬ 
ple mechanical illustration. Consider the arrangement of Fig. 1. 
A tuning fork has its handle O rigidly fixed. To one of its prongs 
is attached a flexible inextensible cord S D. One terminal of 
the cord is fixed at D. J^et the fork vibrate steadily, tiie vibra¬ 
tion being maintained electromagnetically or otherwise. The 
motion of the cord will be a wave motion. If the frictional 
resistances opposing the motion of the cord are negligibly 
small the wave motion will be approximately that of sta¬ 
tionary waves as in Fig. 2. The direct waves coming from the 
tuning fork and the reflected waves coining from the fixed point D 
will have nearly equal amplitudes and by their interference 
form approximately stationary waves, if, however, the frictional 



Figs. 1, 2, 3. 

resistances are not negligibly small, then there will be dissipa¬ 
tion of the propagated wave energy. Hence the direct and the 
reflected waves will not have equal amplitudes, and, therefore, 
their interference will not result in stationary waves. The atten¬ 
uation of the wave is represented graphically in Fig. 3. Ex¬ 
periments will show that, other things being equal, increased 
density of the string will diminish attenuation, because a larger 
mass requires a smaller velocity in order to store up a given 
quantity of kinetic energy, and smaller velocity brings with it a 
smaller frictional loss. This is a striking mechanical illustration 
of a wave conductor of high inductance. It should be observed 
here that an increase of the density will shorten the wave-length. 

Suppose now that we attach a weight, say a ball of beeswax, 
at the middle point of the string, in order to increase the vibx*at- 
ing mass. This weight will become a source of reflections and 
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less wave energy will reach the point d than before. The effi¬ 
ciency of transmission will be smaller now than before the weight 
was attached. Subdivide now the ‘beeswax into three equal 
parts and place them at three equidistant points along the cord. 
The efficiency of wave transmission will be better now than it 
was when all the wax was concentrated at a single point. By 
subdividing still further the efficiency will be still more im- 
proved; but a point is soon reached when further subdivision 
produces an inappreciable improvement only. This point is 
reached when the cord thus loaded vibrates very nearly like a 
uniform cord of the same mass, tension, and frictional resistance. 
Such a loaded cord with a tuning fork attachment is represented 
in Fig. 4 

If an increase in efficiency of wave transmission over a cord 



thus loaded is to be obtained, it is evident that the load must be 
properly subdivided and the fractional parts of the total load 
must be placed at proper distances apart along the cord, other¬ 
wise the detrimental effects due to reflections resulting from the 
discontinuities thus^ introduced will more than neutralize the 
beneficial effects derived from the increased mass. 

The problem of flnding the proper distance at which the loads 
should be placed is a deflnite mathematical problem of Analytical 
Jilechanics, but unfortunately it was never solved. Fig, 5 repre¬ 
sents a cord carrying loads at proper distances apart. Experi¬ 
ments with cords of this kind will soon convince one that the 
distance between the loads should be considerably smaller than 
one-half of the wave-length of the wave which is to be transmitted, 
bo that though a given cord may be properly loaded for some 
wave-length it^ will not be properly loaded for shorter wave¬ 
lengths. It IS impossible to load a cord in such a way as to make 
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it equivalent to a uniform cord for all wave-lengths ; but if the 
distribution of the loads satisfies the requirements of a given 
wave-length it will also satisfy them for all longer wave-lengths. 
It should be observed now that the wave-length which is con¬ 
sidered here is not the wave-length of the cord without the loads, 
but the wave-length which the frequency under consideration 
will have on the properly loaded cord, or what is the same thing, 
on a uniform cord of the same mass, tension, and frictional re¬ 
sistance, as the loaded cord. This point is of fundamental im¬ 
portance, for the wave-length coi*responding to a given frequency 
may and generally will be much shorter on the loaded cord than 
on the cord without the loads. 

A cord of this kind is a mechanical analogy to an electrical wave 
conductor. The mathematical law in accordance with which 
such a cord moves is the same as that in accordance with wliich 
the electrical current is distributed over the wave conductor 
under the action of similar forces. The reason for that is not 
far "to seek. We have the same reactions in both cases, viz.:— 
Kinetic or mass reaction, tensional reaction, and resistance reac¬ 
tion in the case of the cord. Electro-kinetic reaction, capacity 
reaction, and ohmic resistance reaction in the case of the wave 
conductor. The mathematical form of these reactions is the 
same in both cases, hence one is an exact analogy of tlie other. 

The insertion of inductance coils at periodically recurring 
points along the wave conductor, represented in Fig. 3 of Part 11., 
produces the same effect upon electrical wave transmission as the 
distribution of the small loads along the stretched cord of Fig. 
4 produces upon mechanical wave transmisssion along the cord. 
The mathematical theory of wave propagation over non-uniform 
conductors of this kind is given in Sections I and II of the 
Second Fart of this paper. This theory is, of course, at the 
same time the mathematical theory of wave propagation over a 
loaded cord described above. Tlie main object of this theory is 
find an answer to the question : Under what conditions are non- 
uniform conductors described in these two sections eq^niooh 
lent to their corresponding uniform conductors? The answer 
which the mathematical theory gives to the question just pro¬ 
posed is definite. To formulate it introduce here a convenient 
technical term. Consider the distance between two consecutive 
inductance points, that is, the points at which the inductance coils 
are introduced. Denote it by Z, and let the wave length which 
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is to be transmitted be X. Now introduce an angle (p sucli that 

cp /% It — I / X. 

The angle shall be called the angular distance between the in¬ 
ductance points, or inductance sources. The angular distance 2 it 
corresponds to the wave-length. The law which determines the 
degree of equivalence between a non-uniform conductor and its 
corresponding uniform conductor can now be stated as follows: 

non-uniform conductor is as nearly equivalent to its 
corresponding uniform conductor as sin f/% is to ^/2. 

It is evident that ^^ is inversely proportional to the wave- 
engti, so that for a given distance between the reactance points 
the degree of equivalence diminishes as the wave-length dimin¬ 
ishes If a wave of complex harmonic frequency, such as occur 
111 e ephony, be transmitted over a non-unifoiun conductor, then 
the action of tlie conductor will be different for the different 
components of this complex harmonic wave. If, however, the 
non nni orm conductor acts with snfBcient approximation as a 
niform conductor toward the highest important frequency of 
fhis complex wave then its approximation to a uniform in- 

foT!nir frequencies and thus 

mnl. -''“M-ical exmple will 

lustrate this point more clearly. It is well, however, to state 

more fully the meaning of the expression ‘^equivalence between 

duX'™ Al7iri corresponding uniform con¬ 

ductor. All that we can predicate of a wave of a given fre- 

f ^ wave-length and a certain attenu¬ 

ation constant. Hence, if a wave of a given frequencv has the 

uTfor'^^^^ '^a'^? attenuation constant on a non- 

conductor as it has on the corresponding uniform con- 

thTse conductors are equivalent to each other. If 

p mximate equiva ence up to within three per cent, exists. ^ 
Consider now the following numerical example: A twin con- 

tTX -Wes,"has a length of 

miles. Let its constants have,the following values per mile: 

Inductance = 0. 

Resistance ==: 9 ohms. 

Mutual capacity = .074 Microfarads. 

According to the high but definite standard which the New 
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York Telephone Company employs the limiting-distance of 
telephony over such a cable is 39 miles. According to the lowei 
standard which is maintained" in long-distance telephone work 
the limit would be YS miles. The results obtained by me expei- 
imentally seem to verify these figures. I find that at a distance 
of one hundred miles telephony over such a cable is very poor, in 
fact, impracticable, and at a distance of 125 miles impossible. It 
is proposed now to decrease attenuation and distortion over such a 
cable by the insertion of inductance coils at periodically recur¬ 
ring points. The attenuation constant ^ in this case is given by 
the formula^ 


/3 = 


R /a 

i/ Y\/ ^ 


Say that it is required to have ^ = .015. Assume that the intro¬ 
duction of the inductance coils adds 9 ohms per mile, so that R = 
8 ohms. These values of R and G require L = .056 henrys. 
The attenuation factor at a distance of 250 miles would be 

^-_250^ _ (roughly). That is, H % of the current leaving 

the transmitting end will reach the receiving end. This is quite 

sufficient for telephonic purposes; but it should be observed that 

better efficiency of transmission could be obtained by making L 

laro-er. Notice now that the attenuation factor for this cable without 

^ 1 
the coils would be, fora frequency of 600 p.p.s., roughly, 

that is, with a given initial current, the current at the receiving 
end would be 6000 times larger with the coils than without them* 
The next step is to find the wave-length for the highest 
important frequency in telephony ^uniform warn conductor 
having L = .056 heiirys, jS = 18 ohms, G = .074 microfarads. 
The best telephone practice assumes that 760 i>. v, s. is the high¬ 
est frequency of any importance. The wave-length corresponding 
to this frequency over a uniform condiootor ot this description 
is obtained from the formula^ 


A = - - = 14.6 miles, 

V2La 

approximately. 


1 See Equation (4a), Sect. I., Part II. 
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Suppose now that at each mile we place a coil of induc¬ 
tance L = .056 henry and a resistance i? = 9 ohms. The 
angular distance (f for frequency 750 p. p. s. of the non-uniform 
conductor thus obtained will be 2 ;r /14.6 The degree of equiv¬ 
alence of this non-uniforrn conductor to its corresponding uniform' 
conductor is measured by the degree of equivalence of sin 3 t/ 14.6 
and Tt 1 14.6. Now sin ^ /14.6 differs from tt/ 14.6 by less than 
one per cent, of the value of tt/ 14.6; hence for a frequency 
of 750 p. p. s. the wave-length and the attenuation con¬ 
stant on the non-uniform conductor will differ from the 
wave-length and attenuation constant on the corresponding 
uniform conductor by less than one per cent, of the values of 
these constants. Such a difference cannot be detected by any of 
the experimental methods which are at present available for in¬ 
vestigating wave propagation. In telephonic transmission the ear 
could not detect it. For lower frequencies the differences will be 
even considerably smaller. Hence, the non-uniform conductor 
thus obtained will represent a uniform, non-attenuating, distortion¬ 
less conductor for telephonic transmission. 

It should be observed here that in the case of a submarine 
cable of say 2,000 miles the attenuation constant should be 
much' smaller than the value of /9 given above, in order to 
have a suflSciently small attenuation factor. Now the capacity 
per mile of a submarine cable is about four times as large 
as the capacity of the telephone cable just described. Hence, 
both on account of the long distance and also on account of 
the much increased capacity, the inductance per mile will 
have to be much larger than in the case just discussed. 
But high inductance and large capacity will give a very short 
wave-length. For instance, if in the case of the submarine cable 
having six times the capacity we employ an inductance six times 
as large as in the case of the telephone cable we shall obtain for 
the frequency of 750 p.p.s. a wave-length of only 14.6 -t- 6 = 
2.43 miles. Hence, since the inductance coils will have to be 
placed apart at one-sixth of the distance employed in the case of 
the telephone cable, the distance between them will be about 880 
feet. The distance between the inductance coils depends entirely 
on the circumstances of . each particular case. But in all cases the 
rule given above contains the necessary and sufficient directions. 

This rule and the method based upon it are recommended by 
the mathematical theory developed in Part II of this paper for 
the construction of distortionless wave conductors of high efiiciency 



1900.] 


AND LONG-DISTANGB AIR-LINBS, 


457 


of transmission. It will be shown now in how far this theory is 
continued by experiment. 

Experimental Part. 

a. Description of the Experimental Cable, —A so-called arti¬ 
ficial cable possessing the above constants was constructed by me 
for the purpose of testing experimentally the mathematical theory 
developed in Section III of Part II. Previous experiments in 
this line will be found in the author’s paper of March 22d, 1899, 
cited above. 


A 



Fig. 6. 


The cable has 250 sections. One of these sections is repre¬ 
sented in Fig. 6. It consists of a sheet A of paraffined paper. 
On each, side of this sheet is a strip of tinfoil a h. The resistance 
of this strip is approximately 9 ohms. The capacity of the 
condenser formed by the two strips is .074 microfarads approxi- 
naately. 250 sections of this kind connected in series represent a 
cable of 250 miles in length having a resistance of 9 ohms and 
a capacity of .074 microfarads per mile. That such is actually the 
case was verified experimentally, as will be shown presently. In 
Fig, 8 the straight lines a b o n Aj Bi Oi Ui represnt these sec¬ 
tions. The upper lines represent one side of the cable, and the 
lower lines represent the other side. The sections can be con- 



[May 19, 


458 PUPIN ON WAVE TRANSMISSION OVER CABLES 

nected in series by couplers to which these sections are attached. 
One of these couplers is represented in Fig. 9. A wooden strip 
A B has holes drilled through it at regular intervals. Through 
each hole passes a bolt e, the diameter of which is smaller than 
the diameter of the hole. Two hard rubber washers a and I hold 
the bolt in place and prevent it from touching the wood. A nut 
holds the brass plates A in place. Two consecutive brass plates di 
can be conductively connected by the ping Screws, as indi- 



Fiq. 7. 


eated, connect the terminals// of the condenser sections and of 
the coils yy to the brass plates. These brass plates are indicated 
in Fig. 8 by numerals 1, 2,3,.... When the plugs are out, then the 
consecutive sections of the cable are connected to each other by 
the inserted coils (see Fig. 8). The plugs being in the coils are 
short-circuited, and the consecutive sections of the cable are con¬ 
nected to each other directly by the plugs. In this case we have 
a uniform cable; in the former case we have a non-uniform cable 
of 2oO miles length, with inductance coils inserted at each mile, 
ihe coils are wound as represented in Fig. A The twin coils 
55, c., of Fig. 8 are represented in Fig^ by coils Tand"t 
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These two coils are wound on one spool, and iire separated 
by a slieet of cardboard indicated by a black line in 7 

which is t-64:th of an ineli thick. The coil when iinislual 
is boiled in beeswax at a temperature of about ^2S()^ Fahrenheit, 
in order to drive all the nioisturo out and insure^ iiood 
insulation. The dimensions of the coil are g'iven in Fii»’. 7. 
Each coil had 580 turns of No. 20 wire B. & S. The averaice 
inductance of one of these coils is .OdO lienry, and the mutual 
inductance ,028 henry. Each coil, therefore.; when connecte<l into 
the line, as indicated in Fig*. 8, has an effective in<lufdan(a‘ of 


1 2 3 



.058 henry. This method of bringing the corr(‘H])onding c<h1h 
of the two sides of the cable into close relation by mutual 
induction is not necessary; it is a matter of convenience and 
economy. 

The cable sections are divided in five groups of 50 (ri,cb, and 
each of these groups is enclosed in a separate box. Each box 
represents, therefore, 50 miles of the cabh. Fig. 10a is a rcjpro- 
duction from the photograph of one of these l)ox(‘S. The !k)X 
marked A is the cable box. On two opposite sides are five 
rows B-of binding posts, each row having 10 pairs. They 
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are the terminals of the condenser sections. From these binding 
posts double cotton covered wires which have been boiled in bees¬ 
wax lead to the row of brass plate couplers (Fig. 9) indicated in 
the picture by letters < 2 , J, o,.... These boxes were made for me 
by the well-known mechanician, Mr. E. V. Baillard, to whom my 
sincere thanks are due for the keen interest which he took in 
this exceedingly laborious work. The rest of the work on the 
cable was done in the Columbia University laboratory for electro¬ 
mechanics. The insulation per section was about 50 megohms. 

5 .—Theory of the Experimental Method .—The mathematical 
theory of Section III, Part II, states that up to a frequency of 
Y50 p.p.s. the waves will have to within an approximation of one 


€ 



Fig. 9. 


per cent, the same wave-length and the same attenuation con¬ 
stant on the cable just described as on its corresponding uniform 
conductor. This is the side from which experiment has to ap¬ 
proach the theory. The method employed in this investigation 
has, therefore, for its object the determination of wave-length 
and attenuation constant. Its theory can be stated as follows: 

The current rj at any point of a uniform loop can be ex¬ 
pressed.^ 


1. M. I. PupinPropagation of Long Electrical Waves, eqn. (7 );Trans- 
TACIONS. vol. xvi.,p. 93, 1899. 
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fj = J. I sin {pt — a f) + sin {pt + af) | 

Let denote the mean value of the current between t — t\ 

and t — tx-\- 272 , then 

M \Ti) = -1“ + 6"^^) cos {pt^ — a $) 

Here 6 is the distance from the middle point of the loop. 
The time is counted from the moment when vj is zero at the 



Fig. 10 a. 


middle point. If we then determine the mean values from the 
moment when vanishes at the middle point we shall have ti = 
0 and 

M = -|? cos a e 

or since A = 27r/a, where X is the wpe-length 


( 1 ) 
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is evident]? the mean value of the current at the middle 
point. This foi-mtila forms the basis of the experimental method 
employed here. From it the wave-length and the attenuation 
constant were determined. 

c. Determination of the Wane-length. —1. To investigate the 
wave-length and the attenuation constant of a given frequency 
it was necessary to impress a simple harmonic electromotive 
force upon the cable. This was obtained as follows;— A small 
alternator of thirty poles running at a normal speed of MOO 
revolutions per minute was employed. It gives a complex har¬ 
monic E. M. F. in which the third and fifth harmonic are quite 
strong. At the normal speed the frequency of the fundamental 
was 600 p.p.s. By transformation as indicated in Fig. 10 tlie upper 



harmonies were weeded out by tuning, In this diagram a is the 
alternator. The secondary circuit n, e, p, g, contains a con¬ 
denser F, and an auxiliary coil b. By adjusting the capacity of 
condenser p and the inductance of coil e, the impedance of this 

secondary eireuit_ for the fundamental frequency can be reduced 

to a minimum, in which case the fundamental current in this 
circuit is by far predominant. U nder these conditions the e. m.f. 
impiessed upon the tertiary coil h, which connects to the line is 
very nearly simple harmonic. This was verified by plotting ex¬ 
perimentally the E. M. F. curve in the tertiary circuit. The point 
of resonance was detected by connecting the terminals of condenser 
F to a multicellular voltmeter k and watching for the maximum 
rise of the potential. While the observations which will be de¬ 
scribed presently were made the reading of this voltmeter was 
continually watched. A change in it indicated a change in speed 
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and impressed e. m. f. and the observations had to be suspended 
until the voltmeter returned to the same reading. Considering 
the variability of the electrical pressure in a University plant 
where every one of the many departments draws its current from 
the same source, it will be readily seen that these observations 
were somewhat trying. 

2. To determine the mean value of the current a Townsend 
contact-maker (6^, Fig. 8) was used.^ Its circumference was di¬ 
vided into thirty equal parts, since the alternator liad thirty poles. 
Every other section of the circumference was connected to a 
ring^. This ring and the circumference were connected to the 
rest of the circuit, g JP Hh^ by two brushes g h. The contact-maker 
was mounted on the shaft of the alternator. The time interval, 
of half a period, during which the contact lasted, could be shifted 
by shifting the biuish h along the circumference of the contact- 
disk, II is a Rowland-D’Arsonval galvanometer suitably srunted 
so as to keep the readings within a desirable range. The current 
readings were obtained as follows : A two-pole contact spring- 
jack (1, Fig. 8) was inserted across the terminals of an inductance 
coil, say as indicated. The coil was thus shunted by circuit 
1 A. This circuit contained a small coil e and one or two ordi¬ 
nary 16-c.-p. incandescent lamps in series with it. The coi) 
acted inductively upon the circuit containing the contact-maker 
and the galvanometer. A simple consideration will show that 
the galvanometer reading was proportional to the mean value of 
the current flowing through the inductance coil during the half¬ 
period corresponding to the position of the brush h. Suppose 
now that this brush is*set in such a way as to give the maximum 
reading when the contact-spring-jack is across the inductance coil 
at the middle point of the cable. Then, as shown in equation (1), 
the reading at any other inductance coil will be proportional to 



where f denotes the distance of the inductance coil under consid¬ 
eration from the middle point. This expression passes throughzero 
whenever f is an odd multiple of the quarter w^ave-leiigth, and the 
reading passes then from one side of the zero position to the 
other. The brush h was, therefore, set so as to give the rnaxi- 


^ See Transactions, vol. xvii., No. 1, Jan., 1900. 
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mom reading at the middle point of the line. Then the spring- 
jack was run along the line and the sign of the readings noted 
at 1, 2, 3.,_etc. The number of reversals of readings corres¬ 

ponding to a given length of the line was counted. 

The reversals occur whenever f is an odd multiple of^/4. 
Suppose that five reversals occurred in the distance of 41 miles* 
It means that 9/4 wave-lengths cover the distance of 41 miles; 
hence the wave-length is 

X r= 18.2 miles. 

This was found to be the case with a frequency of 600 p. p. s. 
The wave-length calculated from the formula 

/i= 

PV-iiL C 

= 2;r X 600. 

Z = .068. 

{7= .074 X 10“^ 

gives A = 18.1 miles. 

The agreement between the calculated and the ol)served wave¬ 
length was extremely good for this frequency, considering the 
inequality of the cable sections which necessitates taking for L 
and G average values. Following is a table of wave-lengths for 
other frequencies, giving both the observed and the calculated 
values. 


TABLE OF WAVE LENGTHS. 


FBEQXTENOT. 

Aoba. 

^calc. 

625 

17 

17.3 

600 

18.2 

18.1 

450 

24 

24.1 

260 

41.4 

41.7 

245 

44 

44.4 

280 

48 

48.2 


At the frequency of 600 p.p.s. the non-uniform cable has 18 
coils per wave-length. At the lower frequencies the number of 
coils per wave-length is larger, and therefore the cable approxi¬ 
mates then its corresponding uniform conductor even more olosely 
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than at the frequency of 600 p.p.s. But the approximation at this 
higher frequency is already so close that no difference in the be¬ 
havior of the cable at the various frequencies experimented with 
and given above could be detected experimentally. As far' as the 
wave-length determination is concerned the agreement between 
theory and experiment is very satisfactory. 

3 . To determine the wave-length on the cable without the coils 
plugs (see <?, Fig. 9) were put in'^l, 2, 3.... The readings were 
taken as follows: The two-pole spring-jack was inserted across a 



Pig. 11. 


pair of plates, say 1. Then the short-circuiting plug (see e. Fig. 9) 
was taken out and the deflection in the galvanometer noted. The 
number of reversals was counted as before, and from these the 
wave-length was estimated. The value of the wave-length thus 
determined for a frequency of 600 p.p.8. was 126. Its calculated 
value was 125. Thus the insertion of the coils reduces the speed 
of propagation to one-seventh of its original value since it shortens 
the wave-length to that extent. 

d. DeUrmmation of the Attenuation Gonstomt — FwsA 
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Method.—li was shown above that the equation of the curve of 
the mean value of current is 

2/ = |o j (.03 ^ f 

where y is the mean value of the current at the distance ? from 
the middle point of the cable and is the mean value at the 



Fig. 12. 


middle point when the brush h of the contact-maker is set to o'ive 
a maximum deflection at this point. In Eig. 11 and Eig. 12 two 
such curves are given. In these curves the absciss® represent 
the number of the coil at which the reading was taken, and the 
ordinate represents the galvanometer reading at the corresponding 

An attempt was first made to determine /9 from these curves. 
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be the value of y at f =i, then 

9 







Since ^ is small 


we can also write 


Therefore considering the numerical values, only, of and 
we shall have 




yo 

Eeferring now to curve Fig. li 

/I = 17 
2/o = 33.5 
Vk = 34 


2 / ^ ^2/i — yo) 


\/- 


■ - -J~ = .02 = 


yo ^ 36.5 

The value of j9 calculated from the formula 


/3 = 


Jd 

V2 10* 



gives J9 = .0141 


if we assume for L, 0, and .^the following avei’age values' 
L = .058, G = .074 X 10“®, E = 17.5. 

The question now arises: What degree of accuracy can be 
claimed for this experimental determination of /9? The expres¬ 
sion for /9 contains the difference of quantities which are 
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nearly equal, JSTow this difference is very near the limit of the 
errors of observation, the limit being quite considerable on ac¬ 
count of several reasons. The chief reason is this. The eon 
denser sections of the cable are far from uniform. This 
lack of uniformity is due, first to the varying thickness 
of the^ tinfoil which makes the resistance vary from section 
to section. Secondly, the sections are heated before compression 
IS applied to them. This heating • is of course not quite 
uniform the amount of paraffin driven out by tlie applied 
pressuie is, therefore, different in different sections. Hence the 
variation of capacity. The result is that the speed of propagation 
IS different in different sections. The difference may amount to 
as much as 20 per cent. Plence the wave-length will change con¬ 
siderably from point to point of the cable. This will be observed 
in the curves of Fig. 11 and Fig. 12. Thus in Fig. 11 the first 
quarter wave-length is four miles long, the second quarter wave- 
length IS 4.5 miles and the average is 4.25. The same variation 
will be observed in curve of Fig. 12. It is evident, therefore, 
that the method described above for taking readings at the various 
points of the cable will not give readings which will follow 
very strictly the mathematical law of the formula on page 22. 
Ta img all these things into consideration, it is evident that this 
method just pointed out for determining experimentally the atten¬ 
uation constant, is not strictly applicable to our cable. 

Another method will he described now which determines 
the attenuation constant not from the one-half wave-lengths only 
near the middle of the line, but takes all the waves corresponj 
mg to a long length of the line into consideration. The wave- 
ength determination given above agreed so much better with 
the theory for the very reason that the method employed gave the 

;:L?ofS^^^ 

Although the curves of Figs. 11, 12 and 13 do not enable us to 
cjlcua e ^accurately they are stih of considerable importance. 
Mret, they show that the cable, though it has a large resistance, 
possesses, nevertheless, a small attenuation constant. This is par¬ 
ticularly well shown in the curve of Fig. 13. This curve repre- 
^nts the mean square of current curve at the the various coils, 
ihe readings were obtained in this case by dispensing with the 
sliding contact arrangement and potting in place of A-an electro¬ 
dynamometer. This mean square curve represents a very near 
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approach to the stationary waveform, which shows that the atten¬ 
uation is extremely small. the smoothness of the corves 

11, 12, and 13 shows that the non-uniform cable acts, even at the 
frequency of 625 p. p. s., just like a uniform cable. This, in fact, 
was the principal aim of this experimental research. 

/Second Method of Determining /?.—The value of ^ was de¬ 
termined from 

S' =f 

as follows: Suppose that at a considerable distance from the 
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Pig. i:3. 

point 6 = 0 we find a point the distance of which is some mul 
tiple of Then 

y, = I (/f.+«-«) 


This was done experimentally by shifting the brush h (Fig. 8) 
until the maximum reading was obtained at the middle point of 
the line. It was 152 scale div^isions—that is, yo = 152. Then the 
spring-jack was carried to the beginning of the cable and passed 
along from coil to coil until the galvanometer reading passed 
through a maximum. The distance of this point from } = 0 
was 145. The reading actually obtained was 60, but this reading 
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M^ae obtained from a shunt wire, and the reading as calculated from 
the shunt was 630. UTow, when is so large that the omission of 

in comparison to involves an error of the same order- 

of magntude as the errors of observation, we have the simplified 
formula 

lie • 

A! 

Therefore, 

/9 = 1 log llL 

In the case before us 





1260 

152 


= .0145 


The calculated value of /9as given above is .0141. Experiment 
and theory agree quite satisfactorily. The equivalence between 
the non-uniform oable and its corresponding uniform conductor 
up to 625 p.p.s. has therefore been established experimentally. 


Internal Eefleotion of Electrical Waves in a Non-uniform 

Cable. 

It remains to be shown now that when the distribution of the 
inductance coils over the cable does not render the cable approx¬ 
imately equivalent to its corresponding uniform conductor, then 
there will be serious internal reflections which will diminish the 
efficiency of wave transmission. 

For this purpose the inductance coils were connected in groups 
of ten ; one of these groups was inserted into the cable every ten 
miles, so that the total inductance of the cable was now the same 
as before. A simple harmonic b. m. f. of 260 p. p. s. v'as im¬ 
pressed upon the cable. The wave-length of a wave of this fre- 
qiiency on the corresponding uniform conductor was found (see 
Fig. 12) to be 41.4 miles so that the inserted inductance coils, 
were apart at a distance which is equal to about one-quai-ter of 
the wave-length on the corresponding uniform conductor. The 
degree of equivalence between this non-uniform cable and its 
corresponding uniform conductor is the same as the degree of 
equivalence between sin ;r/4and;r/4; that is to say, the resem¬ 
blance between the two is very small. 
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Theory of the Experiments on Internal Wave Reflections. 
—The current at any point between two consecutive groups of 
coils can be written as follows : 

y = A e^'^ sin {pt—a e~^^ sin {pt + « f) 

that is, there are two waves, one a direct one, and the other a 
reflected one. This equation can also be written : 


y — a /e 2 A R cos 2 a f sin {pt — e) 

where 


A e^ 


, 


Be 




tan e = 


tan a f 


+ B 

Let M {y) stand for the mean value of the current, then 


M{y) = 


+2 AB C 082 af cos {pt^ —e) 


This is a maximum when ti is given such a value that — e 
= 0 , In that case M {y) is proportional to the square root of 
the mean square of the cuiTent. 

Experiment .—The curve of M (y) was obtained in the same 
manner as the curves of Figures 11 and 12, except in this case the 
movable brush A, Fig 8, was shifted until the galvanometer showed 
the maximum deflection at every reading. These readings were 
plotted as ordinates of curve Fig. 14. Points ah c d on the 
axis of abscissae mark the positions of the groups of inductance 
coils. The effect of reflections is shown in a very marked man¬ 
ner by the sharp corners and strong depressions. The sharp cor- 
Tiers coincide, of course, with the positions of the coils. The 
rapid rise of the minima points show strong attenuation. To 
compare the attenuation in this case with the attenuation which 
exists where the coils are distributed one per mile it is only neces¬ 
sary to obtain from curve 14 the curve of mean square of current 
and compare it to curve of Fig. 13. Draw then a straight line 
through two consecutive minima and compare the slope of this 
line in curve 13 to that of curve 14. It will be found that the 
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slope in this latter case is very much niore rapid, and, therefore, 
the attenuation is very much more powerful; and it should be 
xemembered that in curve of Fig. 14 we have the attenuation which 
is accompanying a frequency of 260 p.p.s^ With a frequency of 
^625 p,p.s. (the frequency of Fig. 13) the attenuation would be 
^ven much more powerful. I in tend to continue this particiilar 
part of the research in the very near future. 

Telejphony Over the Non- Uniform Cdble .—These experimental 
results leave no doubt as to the correctness of the prediction 
which the mathematical theory of Part II makes with regard to 
telephony over non-uniform cables. Actual experimental tests 
with transmitters and receivers which were kindly put at my dis¬ 
posal by the New York Telephone Company, for which 1 feel 
wery grateful to them, verified these predictions completely. 
Telephonic communication over the whole of the cable was car¬ 
ried on with perfect ease. Both the volume and the articulation 
of the transmitted sound were all that could be desired. If, 
however, the inductance coils were cut out and the cable used as a 
uniform cable, then the transmission was good up to 50 miles, 
fair up to Y5 miles, impracticable at 100 miles, impossible at dis¬ 
tances over 112 miles. Increased distance interferes with the 
transmission over the uniform cable, not only on account of the 
'diminished volume of the sound transmitted, but also on account 
'Of the rapid loss of articulation. This manifests itself at first as 
an apparent low^ering of the pitch of the voice just as the theory 
demands it. My assistant’s voice is of an ordinary pitch, if any¬ 
thing a little above the pitch.of the average man’s voice. When 
it was transmitted over 75 miles of the uniform cable (that is, the 
coils being disconnected from it) it sounded like a strong baritone. 
Over a distance of 100 miles it became so druminy, (this is an 
expression borrowed from telephone engineers) that it was 
difficult to understand it, unless nothing but ordinary conversation 
was carried on and- then very slowly, and the speaker had to put 
his mouth as close to the transmitter as possible and speak put as 
if he were addressing a big audience. At distances oyer 112 
miles nothing but the lowest notes of the voice could be heard; 
the articulation was entirely gone. When the coils were all in, 
then no drumminess in the voice was noticed, and the conversa¬ 
tion cobid be carried on as rapidly as one chose to do. I under¬ 
stand that in long distance work three galvanic cells of the sam^ 
type of which I had two only were formerly employed by the 
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American Telegraph and Telephone Company when they em¬ 
ployed the old system of transmission. 

Effect of internal refections upon telephonic transmission ,— 
The effect of. internal reflection is illustrated even more strikingly 
l^y telephonic transmission than it is by the exploration of the 
simple harmonic wave as represented in Fig. 14. The same dis¬ 
tribution of coils was used for telephonic transmission as des-. 
cribed above in connection with the internal reflection experi¬ 
ments. A distance of a hundred miles of the cable was employed. 



Telephonic transmission over this distance was absolutely im¬ 
possible, although the lowest note in the voice was transmitted 
^uite vigorously, and sounded like the muffled beating of a big 
drum. Another distribution of the coils was now tried. The 
coils were divided into groups of five, and these groups were put 
into the cable at points five miles apart. Transmission over a 
distance of a hundred miles became intelligible, though with 
much difficulty; but it was not as good as over the cable without 
the coils. The drumminess was even more excessive in the for- 
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mer case than in the latter. One had to put Ms mouth verjr 
close to the transmitter, speak v'eiy slowlj, very loud, and about 
very ordinary things, otherwise the meaning of the transmitted 
intelligence would not be caught at all. But if the same distance 
of cable was employed with the inductance coils placed one mile 
apart as the mathematical theory suggests then the voice of the 
sender sounded just as if he stood right before the receiving ope¬ 
rator. It was not necessary to stand near the transmitter at all,, 
in order to be heard at the other end. There was no difficulty 
in making the receiving operator understand even if the trans¬ 
mitting operator stood anywhere in the room at a distance of 
twenty feet or more from the transmitting instrument. The ef- 
feet of the inductance coils properly distributed over the cable 
upon the efficiency of transmission astonishes even one like 
myself who have now worked for years upon and made myself 
perfectly familiar with this fascinating problem of Electro- 
Mechanics. 

The inductance coils which I have so far described contain no- 
iron. Coils with iron cores to be used for this purpose will have, 
of course, to be constructed in a perfectly definite wav to work 
satisfactorily. I expect to bring this matter before the Jnstitctte. 
at some future time. Suffice it to state now that such coils would 
be required in the construction of non-uniform submarine and 
underground telephone cables on account of the much smaller 
volume per unit of inductance. For long distance air lines indue 
tance coils without iron cores would be in many respects prefer¬ 
able. 

In conclusion I wish to thank my assistant Mr. Cushman, and 
my students, Mr. Frank and Mr. Koscherak for the very faithful 
and persevering way in which they have assisted me throughout, 
these experimental researches. 

Laboratory for Electro-Mechanics, 

Columbia University, 

N'ew Xork. 
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FART 11.' 


Waye Propag-ation over Non-itniform Electrical Conductors. 


Introduction. 

The main object of the inatheniatical theory deYeloped in this 
paper is the analysis of the propagation of electrical waves over 
a conductor represented in Fig. 3, ISec. 111. This conductor 

consists of a loop of wire, Zj-+ i of length 2 Z, in which there 

are at equi distant points, the so-called reactance points, a certain 
number of equal coils interposed dividing the loop into a num¬ 
ber of equal parts, called the interstices of the loop. These 
coils may have condensers in series with them, or they may 
have secondary circuits with condensers. The propagation of 
electrical waves over a periodically loaded loop of this kind i& 
compared to that over a uniform loop having the same total 
inductance, resistance, and capacity. This uniform loop is called 
corresjponding uniform conductor'^'’ of the periodically 
loaded loop. 

A similar problem in Mechanics is that of forced and of free 
vibrations of a periodically loaded heavy, flexible, inextensible 
string of finite length taking frictional resistance into account. 
To my knowledge, neither the electrical problem nor its corre¬ 
sponding mechanical problem have been investigated before. 

It will be observed in the course of this paper that a study of 
the propagation of electrical waves over a periodically loaded 
conductor of this kind suggests forcibly an electromagnetic the¬ 
ory of emission and absorption of light by molecular complexes, 
which, on account of the physical conception underlying it, if 
for no other reason, possesses many attractive features. In this 
theory the ether and the material ions imbedded in it correspond 
to the uniform wire and the reactance points considered in this 
paper. These matters, however, are of a more or less specula¬ 
tive character, and have, therefore, no place here. But it should 
be noted that the physical problem discussed here was first sug¬ 
gested by speculations of this kind. It can be stated as follows: 
Under what conditions will the non-uniform conductor repre- 


1. Eeprint from the Tranmctions of the American Mathematical Society^ 
Yol. I. 
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sented in Fig. 8 be approximately equivalent to its correspond¬ 
ing uniform conductor? Or, to be more precise: For what 
frequencies will an electrical wave have approximately the same 
wave length and the same damping or attenuation constant on 
one conductor as on the other ? 

The mathematical theory developed here gives a definite 
answer to this question. This answer can be stated in a few 
words, and for that purpose it is desirable to introduce here a 
convenient technical term, the so-called angular distance oi the 
interstices-r-that is, of the intervals between consecutive react¬ 
ance points. This interval is at any given frequency a definite 
fraction of the wave length corresponding to that frequency. 
Let this fraction be ^/2 n ; then (p is the angular distance of 
the interstices. The angular distance of a wave length is, of 
course, 2 The general rule expressing the conditions of equiv¬ 
alence of a non-uniform conductor to its corresponding uniform 
conductor can now be expressed as follows: For any gwenfre^ 
guency a nonruniform conductor of the second tyjpe is eguiva- 
lent to its corresjponding uniform conductor as nearly as sin (p/% 
is to (p/% itself 

The higher the frequency the less resemblance will there be 
between a given non-uniform conductor and its corresponding 
uniform conductor. Conversely, if this resemblance is suflB- 
ciently close for a given frequency, it will be closer for all lower 
frequencies. When the half-wave length under consideration 
becomes smaller than the interstices, then the resemblance as far 
as that wave length and all shorter wave lengths are concerned 
ceases altogether. 

A brief summary of this mathematical paper will be given 
now. 

The main object of this research is the [solution of the prob¬ 
lem of Section III. This solution depends on the solution of 
the problem of Section II, and this again is moulded after the 
pattern of the solution of the problem of Section I. 

In Section I the wave propagation over a uniform wire con¬ 
ductor represented in Fig. 1 is discussed. The effect of the 
transmitting apparatus A and of the receiving apparatus JB is taken 
into account, ifiquation [5] is the most general solution of this 
case. The propagation of waves of both forced and of free 
periods is easily deduced from it. This particular form of the 
general solution is new, and it was selected because it is 



1900 .] 


AND LONO-DI8TANGB AIJi-LINE8, 


477 


best suited for comparing the propagation of waves over non- 
uniform conductors of Sections II and III to that over their cor¬ 
responding uniform conductors. 

In Section II the wave propagation over a non-uniform con¬ 
ductor of the first type represented in Fig. 2 is discussed. This 

conductor consists of a certain number of equal coils, Zi. 

.Zn, which are connected in series. A certain number of 

equal condensers, one at each juncture between two consecutive 
coils, connect this conductor to ground. A transmitting appa¬ 
ratus A and a receiving apparatus B are present. The general 
solution of this problem, equation (6a), is moulded after the 
pattern of equation (5) of Section I. Both forced and free 
oscillations on a conductor of this kind are considered, and the 
conditions under which it becomes equivalent to its correspond¬ 
ing uniform conductor are worked out at considerable length. 
The problem of this section and its solution are both new. 

The problem of Section III can, from a purely mathematical 
point of view, be stated as follows: Find the integral of the 
following partial differential equation : > 


L 


^ 4- R — l. ^ 
dt~ O 


and determine it in such a way as to satisfy k+2 boundary con¬ 
ditions. Determine also the conditions under which this integral 
will be equivalent to the integral represented in equation (5), 
Sec. I. 

Equation (2) represents the most general solution, and the 

constants Xi .have to be determined 

from the A-|-2 boundary conditions. The principal mathe¬ 
matical difficulty here reduces itself, then, to the proper mathe¬ 
matical formulation of these boundary conditions so as to obtain 
a system of equations which can be readily solved. Such a sys¬ 
tem is system (3) of this section! It is of the same form as 
system (6) of Section II, the solution of which was obtained in 
that section. Equations (4) and (6) are thus obtained. Equation 
(5) is the most general solution, and when this equation becomes 
very nearly the same as equation (5) of Section I, then the non- 
uniform conductor of this section becomes equivalent to its cor¬ 
responding uniform conductor. This equivalence cannot be 
decided without a careful study of the wave lengths and the 
damping constants of waves of different periods. This study is 
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recorded in tlie remaining portion of this section. This section 
is also entirely new. 

Sec. I and a part of Sec. II, together with a description of 
•experimental investigations bearing npon the same, were pub¬ 
lished in Vol. XVI of the TnAKSACTioNs of the American Insti¬ 
tute of Electrical Engineers for 1899. Additional experimen¬ 
tal investigations bearing upon the principal problem—that is, the 
problem of Sec. Ill, will be published in the near future. 

SECTION I 

WAVE PROPAGATION OVER A UNIFORM LINEAR CONDUCTOR. 

A.— Waves of Forced Period. 

The conductor is a loop of wire a, b, (Fig. 1.) At one point 
of the loop is a transmitting apparatus a, at the opposite point is 
a receiving apparatus b. The distance between a and b is Z, 
equal to one-half the length of the whole loop. The distance of 
any element d s from a is s. 



^ - 1 _ 


Eig. 1. 


Let Z, (7, denote the inductance, resistance and capacity, 
respectively, per unit length. Let y be the current at any point 
Then 


4- = I ^ 

df dt O d 


( 1 ) 


is the well known equation of propagation. 

To formulate the two boundary conditions, one at the receiv¬ 
ing and the other at the transmitting apparatus, let Zq, Zq, (7o) 
and Zi, Zi, Zi, be the inductance, resistance, and capacity, respec¬ 
tively, of the transmitting and of the receiving apparatus. 
Each contains a condenser in series with its inductance and re¬ 
sistance. Let the e. m. p. impressed by a be of type E The 
boundary equations can now be expressed as follows : 
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at transmitting 
apparatus. 





at receiving 
apparatus. 


leKere 

A = W C 

Kq = C (— jf' Xo -\r ip \ C (—y^i -f- ip 



^1 = 1^1 — 


1 

y 6 \ 


The physical character of the problem suggests the following 
csolution : 

2 / = jSTi cos /i f + sin ju (3) 

where q =z I — s, and iTi and IQ are proportional to 
Equation (1) is satisfied for all values of and IQ if 

G {— p^ L ip R) :=: — // =z — (a + i j3f 

From this we get 


« - 'Gip 0 Z] 

/3 = Vip Gi 1} z^ — pL\ 


( 4 ) 


When^ L is large in comparison to i?, 

VTO, ^=~V^ 
^ L. 

The boundarj equations will be satished if 


K, =--t 


a p Bo 
F ’ 


K, = 


(4a) 


where F = {h^ /t, — 4: //) sin + {h^ + hi) cos p I 

* Observe that in the case of a twin conduoior where the mutual capacity 
■alone is considered, we must use 3 B and 3 X in place of B and Z. 
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Hence (3) can now be written 


2/ = (2 cos // f + Aj sin P-^) — 


(5) 


When Ao = = 0 

y = 


cos yi c 
2 p sin fjt I 


(Sa) 


Equation (5) is a complete solution for the propagation of 
waves of forced period. It represents simple harmonic damped 
waves. The most essential elements which enter into the des¬ 
cription of such waves are the wme length I and the damping or 
attenuation factor. These can easily be calculated. Since 
pL =1 a we shall have X = 2 k/ a ; the attenuation factor 

is«? ^ 


It is evident that ^ diminishes as L increases. A high induct¬ 
ance per unit length means small attenuation and a slow speed 
of propagation. 


B . —Waves With a Natueal Period. 

Free oscillations are readily calculated for a few special cases. 
Equation (5) is a general solution for free oscillations also, pro¬ 
vided, however, that ju has such a value as to make 

= 0, since 2>o = 0; 

that is, we must have 

(Ao Ai — 4 f) sin p I ^ P + ^i) cos ^ = 0, (6) 

but of course, in this case, 

Ao = A + Ho), h, = k OiJcX, f-R),— f = A C{k L+R), 

Equation (6) is a transcendental equation and can be readily 
solved in a lew simple cases. 

Case 1.—The transmitting and receiving apparatus are not 
present. In this case Aq = Ai = 0. Equation (6) reduces to 
sin ^ = 0, therefore pt = s where s can have any integer 
value from 1 to 05. The periods of free oscillations are calculated 
from the equation 


— r = O ^liR C — 
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Therefore 


Jc = 


E 

'2. L 


± y. 


iV 


1 ^ 

L~oir 




- — —L±^K 


There are, therefore, an infinite number of periods which are 
harinonicallj related to each other unless the damping constant 
E/2t L is not negligibly small in comparison with r^jV L 0. 
The most general solution of this case can be written 


y ^ e 


Rt 

%L 



COS t — 


^s) 


(0 


The wave lengths are 

2^ 2Z 21 21 

1 ’ 2 ’ 8 ’ . .9 ' 


Case 2. —Transmitting apparatus is not present, and in place 
of the receiving apparatus there is a break in the wire. 

In this case \ = 0, Aj = oo. Equation (6) reduces to 

cos fil 0. 

Therefore 

2 ,§ + 1 ;r 

^=-7—2’ 


h = — 


R 

2Z 


± * 


\/ 


1 1 

(2 s 1 ttV 

R^ 

z c' 

[ 1 2/ 

4: B 


-32 + 

00 

The wave lengths are — ^ tl ^ tJ ^ . 

13 5 

The damping factor is in both cases the same for all frequencies, 
hence the color of the complex harmonic vibration remains un¬ 
changed during the whole epoch of its existence. 


( 8 ) 
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SECTION IT. 

ELECTRICAL OSCILLATIONS ON A NON-UNIFORM CONDUCTOR OP THE 

FIRST TYPE. 

The conductor consists of 2 n equal coils Z,. Zj. . .Z„ (Fig. 2) con¬ 
nected in series, so as to form a closed loop. At one point a of 
this loop is an alternator, at the opposite point is a receiving 
apparatus, b. At equal distances 2 {tv — 1) equal condensers, 
A. Gn—ii connect the conductor to ground. 

The whole loop is thus divided into 2 2 component cir¬ 
cuits 1, 2.. .2,^—2. It is evident that in the limit 

when n becomes infinitely large, this conductor becomes an ordi¬ 
nary telegraph or telephone line with uniformly distributed 
resistance, capacity, and inductance. The question arises now, 
under w’hat conditions will a conductor of this kind become 



equivalent with sufficient approximation to a uniform line even 
when /I is not infinitely large ? This prol)lem does not seem to 
have been solved before. 

_ In its main features it is similar to that which Lagrange solved 
in his “Mecanique Aualytique, sec. partie. Sec YI,” the prob¬ 
lem, namely, of the free vibrations of a weightless string, fixed 
at Its two ends and loaded at equi-distant points by equal weights. 
Lut It IS much more general, because frictional resistances are 
taken into consideration, and also because forced as well as free 
oscillations are considered. 

Let Z'o, Zi, and be the inductance, ohmic 

resistance, and capacity of a and b, respectively. Let L E C 
be the corresponding quantities of the coilsand'condensers in the 
several component circuits. 

The real part of is the s.m.f. impressed by alternator a. 
.the currents in the component circuits. 
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Pi .Pn-i are the differences of potential in the line conden¬ 
sers, Cl, C 2 .Cn-i; Po and P^ are the differences of potential 

in the condensers in a and n, respectively; fi.fn-i^re 

the condenser currents. We shall have 


pdP, 

^ dt ’ 

II 

pd P’1 

dt ’■■■ 

... etc. 

/y> - /v> 

d/i 6^25 


: - a?3, . . . 

. .. etc. 


A. —Forced Oscillations. 

IStating the law of equality of action and reaction for each 
component circuit we obtain the following differential equations: 

(Z„ + 2 Z) +2 R) a;, + 2 Pi-f Po = E' 

+ Rx,^P,-P, = 0, 


Z + R - P„_, = 0, 

(^1 + 2 Z) ^ + (P, + 2 P) - 2 P„_, +P> = 0. J 

When the steady state has been reached, the currents will be 
just like the impressed e. m. f., simple harmonics of the time 
that is, 

= Ai = yla (3) 

where Ai, A 3 .are complex quantities. 

Differentiating each member of ( 2 ) and substituting from ( 3 ) 
and ( 1 ), we obtain 



h Xi —{- Cl — 0 = 

h ^^3 -|- Co — Cl = 0, 

h -j- fn —1 ?n—2 ^ t), 

A —j— 0 ^—1 Ai X^j 
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where h = O (—p^ L + ip jR), 

J) = iip i ^o) = A - Ao ®i, 

K = k G [~y ^ + ip El], 






Another form is obtained by substituting for fi, 
follows : 


as 


(A + 1) a!i + 0 — x-i = E = Eo — Ao 

{A + 2) *2 — x, — a ?3 = 0 


(A 4- 2) Xi,_i — a;n _2 — *0 = 0 


K6) 


(A + 1) ajj — Xi,_i — 0 = — A, a?^. j 

Equation (3) of Sec. ] suggests the following solution: 

= El cos 2 (n — m) d -j- sin a (^^ — rri) d [ 6 a] 

If A + 2 = 2 cos 2 d then all the equations except the first and 
the last will be satisfied for all values of A] and Aj. These two 
equations, which correspond to the boundary equations of Sec 

1 ., will be also satisfied if we assign to A, and A 2 suitable values' 
as follows: ’ 


^ _ (Ai — 1 ) -j- cos 2 d 
® ~ sinTH 


Ki 


_ _ _ Un sin 2 u 

Ao Ai sin 2 {n-l) d-i sin" 0 sin 2?^ </+2(Ao+Ai)sindcM(2»—l)d 
we can now write, 

. 3 . [2 sin e cos ( 2 ^- 2 m-{-l ) d+A, sin 2 ( n-m) d] D, 

sin 2 (? 2 ,—l)d—4 sin'^d sin 2 «d+2(4+A,)8int^ cos(2n— l)d 

d is a complex angle, hence the forced oscillations of type e'P' on 
a non-uniform conductor of this kind are simple harmonic 
damped oscillations. The similarity between this conductor and 

a uniform wire will be discussed presently. When An — A _ 

we obtain " i — o 

as™ = ~ -^-^0 nos (2 n — 2 to -f 1) d 
2 sin d sin 2 « d 


(7a) 
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B.—Feee OsOILLATIOlSrS. 

Equation (7) holds true for free as well as for forced oscillations. 
But since in the case of free oscillations Dq o \t follows that 
the denominator of (7) must vanish to prevent the vanishing of 
all currents. "We shall have, therefore, 

Ao hi sin (2 ^ — 2 ) 6 — 4 sin^ 0 sin 2 nd + 

+ 2 (Ao + Ai) sin 6 cos {2 n — 1) 6 = o (8) 

From this equation d and the corresponding periods and damp¬ 
ing constants have to be determined. A solution can be readily 
obtained for a small number of cases. The two most important 
will be considered here. 

First —The transmitting and the receiving apparatus are not 
present. In this case Aq = A^ =: <?, and 

JS COS {2n — 2 m 1) d (9) 

It is found from (8) that (9) is actually the solution of the dif¬ 
ferential equations (6) for Aq = Ai = i?o = 0, provided that 

d = , where s is any integer from 1 to 2 n. 

Hence the most general solution will be 

2 n 

^ ^8 cos (2 — 2 m + 1) lA (10) 

.=1 n 

JBut it should he observed now that is a periodic function of 
the time, that is 

00 

i=l 

Hence in (10) each amplitude B contains the time factor 

The constant which measures the period and the damping 
constant of the free oscillation is determined from the relation : 

A = — 4 sin^ d. 

In the case of free oscillations 

h=p'‘LC+p,EC,e = i^. 

2 n 
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Hence 


LG-^p,R G = — 4. sin^l^. (11) 


Before solving this equation, it is desirable to make the follow¬ 
ing substitution: 

Let 6^/ H ' be the total inductance, capacity, and resistance, 
respectively, of one-half of the conductor, then 




i', o=£.' 

n n 



Let I denote the half length of a uniform wire having <t, r, 
for inductance, resistance, and capacity per unit length, and let 
it have the same total inductance, resistance, and capacity as the 
non-uniform conductor. Since 

la = L\ It =: Ic = C\ 

we shall have 

n n n 


This uniform wire having the same total inductance, resistance, 
and capacity as the non-uniform conductor, will be called the 
^^corresponding uniform conductorP 
From (11) we obtain 

L- a G p^or) = — i: sin^ ii!, 

n 


therefore 




2 a 


± 


v' 


/ 1 4 72-^ . 2 ^ ^ 

— ^ Sim — 
a G V 2 


4ca 


% ’ 


Ps = ” ± i h 
A a 

Equation (10) becomes now : 

—f jf 2 w 

£»m = ^ 3 cos (2 « — 2 OT + 1) cos (^8 t — Sg)- 

* An 

( 12 ) 
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It is clear that the oscillations on the non-nniform conductor 
of type (1) have the same damping constant as the oscillations on 
the corresponding uni form conductor. It will be shown presently 
that under certain conditions they will also have the longer 
periods up to a certain limit very nearly the same as the corres¬ 
ponding uniform conductor. For these periods^ then.^ the non- 
uniform conductor will he equivalent to its corresponding 
uniform conductor. 

Second Case .—The transmitting apparatus is not present, and 
in place of the receiving apparatus there is a break in the line 
at B. 

In this case 4 = Aj = oo. Equation (9) gives 
Xjo, = B (ft n — m 2) 

provided that 

cos if n — 1) 6 = 0 ^ 
or 

^ _ 2 ^+1 7t 

2 n — \ 2 

W e shall have, therefore, 

~ r . /I 4:n^ ^ 1 tc _ ' 

i^ 2 s+i-^ ^ \/ a c "In — 12 4 


_ — __ i Ajjb+i 
2 a 

Hence 


ft 2 « 

x^ = -^28+1 sin n — 

0 


2 m + 2) 


2 ,§ 4 " 1 ^ 

"In — I 2 


cos (7^28+1 t — Sse+l)- (13) 

The same remark regarding the damping constant and the free 
periods applies here as in the preceding case. 

The Wave Lengths of Ekeb Oscillations. 

The angles sn/2n and (2 5 + 1) (2 7^ — 1) have an in¬ 

teresting physical meaning which will be brought out by consid- 
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ering the wave lengths of free oscillations. Consider one of the 
component harmonics of Case I, say 

COS {2 n — 2 m 1) s ;r/2 n cos t — Sg). 
Compare it to the corresponding component of 0?!^, that is to 
Cmj, s = cos (2 n — 2 “h 1) ^ ^2 n cos t — Sg). 

If they are a wave length apart, =: fmi,s and — m = 
number of coils covered by one wave length. But in this case 

(2 ^ — 2 m h) S7r/2n = (2 n — 2 + 1) S7c/2n + 2 71, 

therefore — m = 2n/^ = 

Pq =: 2 nl$ is, therefore, the number of coils covered by a wave 
length which corresponds to the harmonic s. It can be shown 
that in the second case 


2 {2 n—1) 

2s + l 


Por — and 
2 n 


2 S-{- 1 TT 
2 n—1 2 


we can, therefore, write — 


i 


2 7t 


The physical meaning of 2n/p^ can now be readily fixed. A 
coil represents a definite fraction of a wave length, and this frac¬ 
tion will have a different value for different harmonics. The 
higher the harmonic the shorter will be the wave length, and 
therefore the larger will be the value of this fraction. It is con¬ 
venient, however, to measure this fraction in terms of an angle 
instead of in terms of a wave length. If we arbitrarily assume 
that an angular distance 2 tt corresponds to a wave length, then an 
angular distance 2 7c/n will correspond to the ^^th part of a wave 
length. With this understanding 


8 7Z 

2n 


and 


2 5 -|- 1 TT 

2 n — 1 2 


that is, i 


represents one-half of the angular distance covered by a coil. 

A Hon-TJnifoem Oondijotob of the Fiest Type Oompaeed to 

ITS OOEEESPOHDINGI- UnIFOEM WiEE. 
a ,—SiMILAEITY WITH ReSPEOT TO FeEE OSCILLATIONS. 
Comparing the expressions for the free periods of oscillation 
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which were obtained in Sections I and II we see that as long as 
tt/Vs can be written for sin tt /v^ so long will the periods of 
free oscillations of the non-nniforra conductor be nearly the same 
as those of its corresponding uniform conductor. We have, 
therefore, the simple rule: A non-uniform conductor of the 
first type represents its corresponding uniform conductor as 
nearly as one-half of the angular distance covered hy one of its 
coils represents the sine of that distance. The non-uniform con¬ 
ductor employed by me^ in my experiments had 400 coils. In 
this case 

3T S 7Z 

\ 400 

For ^ = 25 we have n z= tt/IO. ]Now, sin tt/IO differs 
from 7r/16 by | of one per cent, of the value of ;r/16. Hence, 
the period of the 25th harmonic of my non-uniform conductor 
differs from that of the same harmonic on the corresponding 
uniform wire by less than | of one per cent. For lower har¬ 
monics the difference is smaller. The 25th harmonic-, had ap¬ 
proximately 3500 p.p.s. Hence, up to the 25th harmonic—that 
is, up to 3500 p.p.s.—the non-uniform conductor employed by me 
had nearly the same free periods as its corresponding uniform 
conductor. 

5.—SiMiLAKiTY With Respect to Forced Oscillations. 

The wave length and the attenuation constant corresponding 
to a given frequency speed p^ can be studied by studying the 
angle d from the following equation: 


4 sin p Q Ji 0 = —jp/ a C fip^ r 67] 

^ ~ ^ = i - («» + i A) 

n 

where cr, c?, r are the inductance, capacity and resistance, re¬ 
spectively, per unit length of the corresponding uniform con¬ 
ductor ; //g, ttg and have the same meaning as in Sec. I. 
Referring now to equation (4) Sec. I, it will be found that 

^8 7^ ^8* 


1. See paper cited in the introduction. 
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If, therefore, ^ a^/^n is sufficiently small then we can put 

When this substitution is made in (7) and (7^) these equations 
will transform into (5) and (5^) of Sec. I, which shows that under 
these conditions the non-uniform conductor of the first type be¬ 
comes approximately equivalent to its corresponding uniform 
conductor, the degree of approximation being the same as tlie 
degree of equality between sin and 6^. 

The physical meaning of this can be readily made clear. If 
by ^ we denote the wavelength on the corresponding uniform 
conductor corresponding to the frequency speed then accord¬ 
ing to Sec. I, 


2 TT I _ Z 2 TT 


Let be the number of coils on the non-uniform conductor 
which cover a wave length of frequency speed p,, and let <p, be 
the angular distance covered by a coil, then 


9s = 


2 TT 


Again 

n : n, :: 1 : X,, 

or 



9s 

Hence 

^ 2 ;r __ Z 


The substitution mentioned above will therefore be permissible 
when 4-(that is, one-half of the angular distance covered by a 
coil) is approximately equal to sin (pj‘2. 

oscillations. 

It will be shown in the next section that this rule is also applica¬ 
ble to non-uniforra conductors of the second type for waves of 
both forced and of free periods. 
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SECTioisr in. 

WAVE PROPAGATION OVER A NON-XJNIFORM CONDUCTOR OF THE 

SECOND TYPE. 

A. Waves of Forced Period. 

Such a conductor is represented in diagram of Fig. 3. A long, 

uniform wire forms a loop -Z^+o. • At equal intervals are 

inserted in series 2^+2 equal coils Zj Zg. To make the 

discussion more general, let each coil have a condenser of capacity 
Gq in series with it. 

Let Z, Z?, O represent the inductance, resistance, and capacity, 
respectively, per unit length of the uniform wire. Let an e. m. f. 
of type be impressed at Z. Employing the usual notation 
we shall have the following equation of propagation at every 
point of the uniform wire: 



+ 


dt 


1 di^ 

Gds‘ 


( 1 ) 


■AAM 


■-irLi 




AAAr-l=J- 


AAArJ^ 

Lm 

Pig. 3. 


Lm-H 


Lm-l-l 



The same as in Sec. I, but here the integral has to satisfy 2 k + 2 
boundary conditions, one at each coil. On account of the sym¬ 
metry of distribution of the coils on the two sides of the loop 
this number is reduced to k + 2. 

To formulate these boundary conditions introduce the follow¬ 
ing notation: 

Let 2 / = length of loop ; l/{Jc~\-l) will be the distance between 
two consecutive coils. Let Zo, Gq be the inductance, resist¬ 
ance and capacity, respectively, of each coil. Let the cur¬ 

rent at any point of the interval between coils Z^ and Zm+i. 
Denote the distance of this point from coil Z^ by 6. 

The currents in the coils will be denoted by 
It is evident that 


■" ^=l/k+l ~ 
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The boundary conditions for all coils except Zj and can 
now be stated. 

V ^ f J?=i/k+i v^Ji=o ~ 

~ ^ ^ JSa) Xja= — h Xja, 

^ = Zo —-J_. 

fO, 

There are k equations of iliis form. The boundary equations 
for the first and the last coil are of the followino- form • 

for the first coil, and 


\ 6> $ / i=l/k+l 


— hx, 


’k+% 


for the last coil. 

Equation (3) of Sec. I and equation (6a) of Sec. II 
following solution: 


suggest the 


ym — .ff) cos y f sin y ?, (la 

■where y has the same value as in Sec. I. 

When f = 0, y^ becomes and when $ = l/k-\- 1, becomes 
Hence 

z= Zi, ^ cos K -f- sin ^ ^ 

1 ^ + 1 ’ 

Therefore 


_ sin fi fsin y f 

ym — -—-- 1 _ ' _ 

sin -JLL (2) 

k + 1 

We have now to determine the k + 2 constants x^x,... 
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from the k 2 boundary equations. Begin v^uth the boundary 
equation at the coil : 


^ Vm 


[- 


COS [X 




sm 


fi I 

r+1 


+ cos [X f ] 


Therefore 




sin :~i - 

Let <T = A —L + ^ 


li I 


- 4 sitf 


A + 1 


1 ptl 


r " 

A+ 1’ 


sin 


fj 


fj. I 

h + i 




This boundary equation can then be 

(<7 + 1) £»! — 0 — .Ts = t 

2i 

Similarly {a x., —x, —= 0 

(o- + 2) ajg — x^ — Xi=z 0 

■^ni—1 ®m+l 

(<T -j- aSk+i - aJk-®fc+2 = 0 

(<7 + 1) *»kH-2 — a!k+i — 0 = f a;t4.2 

2 

This system is of the same form as system (6) of Sec. II. 

Equation (7) of that section enables us to write down the solu¬ 
tion of (8). 


written : 


I 


= 0 


( 3 ) 
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Let 

then 




(T -|- 2 = 2 cos 2 <p 




I) sin cos 2 (>?? — m + 2) ^ 

k> —j— 1 

2 // sin 2 ^ sin 2 {k 1) (ff 


w 

(5) 


[cos2(^-m+2)5^sin//^^^—f j+cos 2{lc-m+l)(ljsin /^f]Z> 


2 n sin 2 (}.< sin 2 {k + 1) d’ 


Tiese equations give the complete mathematical representation 
of waves of forced period on a conductor of this kind, f and fj. 
are, of course, complex angles; hence, in order to calculate from 
these equations in any particular ease the principal quantities 
with which we are concerned in wave propagation, namely, the 
wave length and the attenuation constant, it would he necessary 
to study separately the real and the imaginary parts of these 
equations. This study in its broadest aspect presents considerable 
mathematical complexity. It is, however, somewhat remote from 
the principal aim of this paper, which is to ascertain the condi¬ 
tions under which a non-uniform conductor of the second type is 
approximately equivalent to its corresponding uniform conductor; 
that is to say, for what frequencies will the two have approxi¬ 
mately the same wave lengths and the same attenuation con- 
stants ? 


Equivalei^tce of a IS^on-Uniform: Oonductoi^ of the Second 
Type to its Coekesponding Uniform Conductor. 

^ An answer to this question is obtained by studvin^ the follow 
mg equation: 




Ic —|— 1 


/^s 


or 


+ 2 cos = 2 cos 2 


A. sin 


a. I 


_4sin^JL /As Z _ yf • 2 / 

ttsm 2 — — 4 sm^ dj^ 


-^ 

The subscript ,s denotes that the particular frequency speed » 

s considered. ^ ^ ® 


i ^ 
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If Xg is the wave length corresponding to on the uniform wire 
before the introduction of the reactance points, then 


I 2 TT 


k + 1 ^-k+iTg 


Let dg be the angular distance between two consecutive coils 
for wave length ,1., then 


2-37 : L dg ; 


I 




I 


k + 1 
2 w I 


k 1 /la k —1 
Hence, if 0^ is so small that sin = dg very nearly, then 

I 


k + 1 






or 


4 sin‘^ 


1 ) ^ ^ 4 - •^) + liy] = 

where p and r are the inductance and resistance, respectively, per 
unit length of the inserted coils, so that p + L and' r ^ li are 
tho inductancG and resistaiicG, rGspoctively, of tlio corresponding' 
uniform conductor. Iliis last equation can also be written : 


I 




In this case also ^ Let be the wave length for 

frequency speed on the corresponding uniform conductor, 
then 



Put (p^ = I «gi/(7^-)-i) then (p^ is the angular distance between 
two consecutive coils, the angular distance of being 2 tt. 

If, therefore, (p^ is so small that sin ^ cp^ = ^ <p^ very nearly, 
then 

^ ^ k^i 

very nearly. 
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Making this substitution in (4) we obtain equation (pa)^ Sec. I. 
The equation of wave propagation for a non-uniform conductor 
of the second type is under these conditions the same as that for 
its corresponding uniform conductor. The two will have approxi¬ 
mately the same wave length and the same attenuation constant 
for the frequency speed The degree of ajoproximation is the 
same as the degree of apjproximation in the equality between 

sin ^g/2 and (pj% 

A numerical example will illustrate this point more clearly. 
Consider a uniform telegraph wire having the following con¬ 
stants per mile: 

L = .004 henrys 
R = ^ ohms 
^7 = .01 X 10“® farads 
Introduce at each mile a coil having 
Zj =: .036 henrys 
^1 = 1 ohm 

The non-uniform conductor thus obtained will have for its 
corresponding uniform conductor a uniform wire having per 

Z -j- Zj = .04 henrys 
i? -f" = b ohms 

Z' ~ .01 X 10“^ farads 

For a frequency of 1600 p.p.s. we shall have = 2 r x 1600. 
The wave length i,' on this corresponding uniform conductor for 
frequency of 1600 p.p.s. is very nearly 

V = 33 miles. 

Hence, since the interposed coils are one mile apart we shall 


sin i = sin ^33. 

Now, sin V33 = 7r/33 to within one-sixth of one per cent, of 

approximation will, 

tten, the non-umform conductor just described have the same 
wave length and the same attenuation constant as its correspond- 
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iiig uniform conductor. For lower frequencies the degree of 
approximation will be much higher; hence, for all frequencies 
which are of any importance in the telephonic transmission of 
speech the two conductors are equivalent. 


B. Waves of Free Period. 

Equation (4) holds for all values of D; it should therefore 
hold good when D =: 0. In this case, however, all the currents 
will vanish unless the denominator vanishes—that is, unless 

sin 2 ^ sin 2 (k -|- 1) ^ = 0.(4^). 


This transcendental equation, together with the equation 


h, sin ^ <508 

p. Jc -j- 1 


= 2 cos 2 

AJ+ 1 




(45) 


determines the free periods and their corresponding damping 
constants. 

Equation (ia) will be fulfilled when 


where r is any integer from 0 to oo. 

When r =z s (k -f- 1) then we shall have not only 

sin 2 (k -|- 1) ^ = 0, but also sin 2^ = 0. 

These particular values of ^ give a set of free oscillations 
which form a distinct group, called further below the oscillations 
of normal period. 

Equation (45) should, therefore, be written : 


Ar sin 


P-v I 

I 


4- 2 cos 
^ k-\-l 


This equation will be referred to as i}xQ period equation. 
It should be observed that 


Pt - G (y^ X 7?), hy; - C {Vy Aq 4” Pj. J^o) 
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An inspection of (5) shows that the complete solution for 
waves of free period can now be written : 


Vm — ^ 


• T 7l 

Sin -- 

=1 -fe+i 


cos(^—m+2) 1' " - sin/i -A 
k-\-l h-\- 


t( ")+ 


cos [k ~m-\- 1) 


k I 


sin ju 


1 °° 


In the case of a uniform wire the periods and the wavelengths 

of the simple harmonic components ->y, -rj, ..have in 

general a harmonic relation. The introduction of the reactance 
poin s j 2 .disturbs this relation in consequence of a dis¬ 

placement in the values of the normal periods and of the normal 
damping constant. It is evident from purely physical considera¬ 
tions that since «ie introduction of the reactance points increases 
in general the inductance per unit length the periods will be 


WAVES OF JNoemal Period. 


wavelengths of free 

oscillations on a uniform loop are as follows; 

2/ %l 2Z 


2 I 


2^ 


2 I 


2 I 


k + i’ 7r + 2’ • • • r(F+T)’ 2X7qr>,)' 
'kl 2 Z 


s (7: -f- 1)’ s (7; -f- 1) -jllL 


Divide this series into erouns of tt _i_ i\ , i 
Consider now the Isst member of eaob group onirit^tlie 
Tlie w.„ of fh! ter^m.! Llem 


2 I 2 I 
{k -f 1 )’ • • • • 


21 

•s (7: + ])’ 


These termina] members wil] amipav i 
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8 may be any integer between 1 and oo. Since in the case of 
these components <p z=z $ n the period equation becomes : 


h . 

_ sin _—-— 

JIjL It “ 1 “ 1 




h \ 

This equation will be satisfied by putting 

. {]t + 1) 5 71 


2 cos 8 TT . 


11 = 


I 


The free periods of components of type ijsck+i) ^c>w easily 
obtained. 


Qt + 1)^ 


L 0+O == 

= —— ± i A / 1 (^ + 1)' ^ 

% L ^ T /t 72 


Z' 


L G P 
li 


2L 


± • 


From the expressions for 3 /^ we deduce : 

’?S(l£+l( = -^Sdt+l) 


- B nn ^ f 

— -^s(k+l) ^ - 5 


where 


Rf 




-^S(k+l) = ^^(k+1) ^ (i^S(k+l)2^ 


The wave length of this component is 2 l/s (k + 1 ). 

The wave lengths of the components of type ‘^s(k+i) • 

21 21 21 21 
+ 1’ 2 (7r + 1)’ 3 (7^; + 1)’ ■ ■ “ s {It + 1) ' * " 

From these wave lengths and their corresponding periods we 
see that the oscillations of the type yjsin+i) ^tre identical with 
the terminal members of the groups into which the free oscilla¬ 
tions on a uniform loop were divided above. The physical reason 
why these periods have not been disturbed by the introduction 
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of reactance points is easily seen. It is because they Lave their 
nodes at the reactance points. The other h members of each 
group have been disturbed by the presence of the reactance 
points. The character of this disturbance will be now dis¬ 
cussed. 


5. Waves or Displaced Period. 

From the expression for we deduce, by putting f = 0 , 


=:e 


Aj. COS {k — m 'P) 


T 7t 
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sm [Xj, 
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sin 


r 7T 
^ + 1 


00 




r=l 


First, consider the wavelengths of these oscillations of type 
fm.r- Begin with the fundamental 


^ in,l — 


COS {k — m -|- 2) — sin ^ 


/t + 1 


k + 1 


sm 


k + 1 


As m increases from 1 to k + ^ the angle (k — -j- 2 ) ;r/k + 1 

diminishes from n to 0 . In Fig. 4 the line represents the 
length of tlie loop. ^^ 4.2 is the middle point of it. Points 
1, 2 , 3... .k -}- 2 mark the position of the reactance points. At 

these points measure off abscissae equal to f f 2,1 ? 3,1 . The 

extremities of these abscissae will be on the harmonic curve 1 . 
This curve represents the fundamental oscillation of displaced 
period. Its wavelength is 2 Z, the same as the wavelength of 
the fundamental oscillation before the introduction of the react¬ 
ance points. 

The next component is 

Az cos {k — m + I-- "—- sin ug — 

" ^ ^ ^k+1 ^^k+l 




1900 .] 


AND LONG-DISTANCE AIR-LINES. 


501 


As m increases from 1 to k ^ the angle (k — m + 2) 2 7r/k + i 
diminishes from 2 ;r to zero. It will, therefore, have four maxima 
and four zero points on the loop. Its wave length is Z. This 
component is represented by curve II in Fig. 4. 

Take now the last component but one of the first group of free 
oscillations of displaced period. It is 


fm,k 


cos {h — m -f- 2) 


k 71 

FfT 


sin 


k-{-1 


k 

h + 


As m increases from 1 to k + 2'the angle (k — m + 2) k ;r/k + 1 
diminishes from k tt to zero. This component has, therefore, 



2 k maxima and 2 k zero points on the loop. Its average wave 
length is 2 Z/k. The last component of this group is the same as 
the lowest oscillation of normal period—that is, 

The components of the first group have, therefore, the same 
average wavelengths as the components of the first group of free 
oscillations on the loop before the introduction of the reactance 
points. 

It can now be easily shown that this is true for the components 
of all the other groups, and attention should be called hereto 
the fact that the wave lengths of the free oscillations of displaced 
period can be considerably smaller than the distance between two 
consecutive reactance points. The introduction of the reactance 
points changes, therefore, neither the number of free oscillations 
nor their average wave length. Their periods, however, and their 
damping constants will be changed, as will be shown presently. 
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Displacement op Peeiods. 

The periods and damping constants of the oscillations of dis¬ 
placed period are determined from the period equation 


sin 

-^ = 2 cos -_ 


r 7t 


The unknown quantity v, contained in h, and fx, is, of course 
a complex quantity—that is, we can write 

~J- ^r. 

T.r* “ «te (teneral proper- 

st t„,d T f* r“* /ZpL 

Jzrpa?obS,r„T ““ pw*'-. 

First, since 


cos 


-tBn ~ ^ + 1) ± 3r 


waTO leljths^* damping constants of the 

F ^(jqriy^, .... .... 

?histlk?“^ f ^ ^ / (k 

in Table L^he horizontal illustrated graphically 

2k4-,, 2k+2 sTlt P 1’ 2,.k + 1,... 

of all the possible wave lengths ‘''' ^ ""“erical record 
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1 ’ "2 ’ ■■ 


2^ 


2Z 
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rxi’- _.'If 2 I 

+ 2A4-l2A-f2’ FF4ri’. 

The first vertical column marked 0, 1, 2 , 3 ,. ... k -f. i 
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contains the record of all possible values of r. The meaning of 
the black dots is now easily explained. Take, for instance, the 
row of black dots in the horizontal bar 3. These dots are in 

columns 3, 2 k — 1, 2 k + 5, 4 k + 1? ^ . This 

means that if in the period equation 


A • txl 
- sin 

p. Jc +1 


+ 2 cos 


Jc+ L 


= 2 cos 


r TT 


we put r = 3 then the roots of the equation will give us the 
periods and the damping constants for the wave lengths 


21 21 21 
3 ’ 2 k —V 2 + 5 ’ 
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For this reason these may be called the concomitant wave 
lengths. An inspection of this table shows^hat the concomitant 
wave lengths are symmetrically arranged with respect to the 
wave lengths of normal periods 

21 21 21 

hA^i' 2{h + iy A(k+ ly . 

Of a given series of concomitant wave lengths there is one in 
Gach of the groups mentioned above. The first one of these 
groups contains the longest wave lengths; it may be called the 
fundamental group. The wavelengths of this group, together 
with their concomitant wave lengths, give all the possible wave 
lengths. If in the period equation r is giveii successively the 
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Equivalence of a Non-Uniform Conductor of the Second 
Type to its Corresponding Uniform Conductor. 


Suppose that we now increase the number of reactance points 
without increasing the total reactance and resistance introduced 
into the line. In the expression 

A (7 (i; 2 ^ ^ 


put 
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A + 1’ 
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* + i . 


Hence, 
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C(y^ >11 + V R^) = 
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As the number of reactance points is increased X'- and R^ are to 
be kept constant; hence, p and R must vary inversely as k 1. 
Whenk becomes infinite then all the wave lengths different from 
izero will be in the first group of Table I between the columns 1 
and k -(- 1. The other columns of this table lose their physical 
meaning. To show what becomes of the period equation when k 
approaches the limit oo write the period equation in the following 
form : 
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Aj sin 
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Since wave lengths different from zero are to be considered, 
finite values only of t need be considered. Hence, when k = oo 
the period equation becomes 


f (A1 _ ^ 2 ) ^ _ ^2 ^2 
or 


or 
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G\y^{}} + Z) + V (7?i + R)-\ = 
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This equation is, as it ought to be, the period equation of a 
uniform conductor of inductance + A resistance 
capacity C per unit length. This conductor is the so-called corre¬ 
sponding uniform conductor of the periodically loaded loop. 

When t is large but not infinite the same relation will exist 
approximately, and it is proposed to ascertain now the degree of 
this approximation. 

We have seen that Z /^ / (k 1) varies with r as follows: 


= sn, where r = s Qc1 ), 
s being any integer from 0 to oo. Thus, when 


^ is 0, TT, 2 TT, 3 TT, 4 ;r, ..... 

^ "^iil be 0, TT, 2 ;r, 3 ;r, 4 TT. 

Since /^Z/(k-|-l) varies continuously with r it follows that 
.when ^ Try (k +1) is small ^ Z/(k + 1) will also be small, since 
both vanish simultaneously. It is well to introduce here the 
physical meaning of ^/(k + 1). Let I, be the wave length of 
the wave for which ^ ^ ^ 7 r/(k -f 1), then 


Therefore, 


where is the distance between two consecutive coils. Let 2 tt 
be the angular distance of L and d, be the angular distance of L 
corresponding to the period of L, then 

h = A 


r 7t 

F+ 1 




Therefore, 
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Since for small values of r tc / (k-{-l) the angle fil / 
is nearly equal to r tt / (k + 1) follows that within these limits 
/£ Z / (k -f-1) is approximately equal to the angle 6^.. It follows,, 
therefore, that wave lengths for which is sufficiently small the 
period equation 
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fJL I 

]& 1 ^ Ic “j— 1 


— Sin. 


— 4 sin^ ^ 


I fi _ 
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— 4 sin^ ^ 
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can be written 



or 

C \y^ + Z) -|- Vj. + i?)] = — 

that is, the periodically loaded conductor has approximately the 
same period, damping constant and, of course, the same wave¬ 
length as its corresponding uniform conductor. The degree of 
approximation is of the same order as the degree of approxima¬ 
tion between one-half of the angular distance separating tvo 
consecutive coils and the sine of that distance. 

It should be observed that if the whole loop is divided into a 
number of equal parts and the consecutive parts are connected to 
each other by mutual induction, then the non-uniform conductor 
thus obtained will act in the same way as the non-uniform con¬ 
ductor of Fig. 3 of this section. Another arrangement, which is 
equivalent to the two arrangements so far described, is obtained 
by placing bridges at periodic intervals of the uniform loop, each 
bridge consisting of a coil of proper resistance and inductance,, 
and the distance between the bridges being adjusted in accordance 
with the general rule formulated here. The mathematical analysis- 
of these two arrangements does not differ essentially from the one 
given here, and can be easily worked out. 

A rule governing the degree of approximation between a non- 
uniform conductor and its corresponding uniform conductor has 
thus been established, and it has been proved that the same rule 
is applicable to both types of non-uniform conductors, and also to 
both forced and free oscillations. The principal object of this 
investigation has, therefore, been accomplished. 
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Discussion. 

^ • Seven years afifo the electrical fraternity was 

startled with a paper on Ocean Telephony. But seven years 
ave passed and we have not vet telephoned across the ocean. 
Ine present paper differs from this other one, which was read 
by an Englishman, in that, in the first place it makes no such 
extravagant claims as ocean telephony, and in the second place it 
yer™s by achial experiment, the application of a very interest¬ 
ing theory. Papers like this, and the preceding one, show what 
good results can be accomplished by a careful and intelligent 
application of correct theory. Such papers reflect great credit 
on the Institute. The paper is now open for discussion. 

Mr. Steinmetz : Mr. President, I have been very much 
pleased to listen to this highly interesting and extremely im- 
por ant paper, which marks a decided advance in the art of tele¬ 
phony, as I believe. Now, coming first to a comparison with 
previous propositions for improving the method of telephony 
over cables, there is an essential difference between the present 
ease and the previous ones. In the latter, if I remember rightly, 

inductances along the cable,^theJe 
he shunted across the cable. The capacity of the 
eable and the static capacity act as a shunt across the line. If 
you want to compensate for the effect of capacity by self-induction 
Te^ii^’'"^ThfH e.apacity, one must be in shuntlnd the other in 

cahTp SV electrostatic capacity of the 

tni ^^se here. The phase relation and fre^quency 

throughout the whole line. This was not 
the case with the previous proposition. The problem of trans 

3 plie^omena 

nc power apphanees, and then the transmitting of very small 
powers at very high frequencies at very low voltage TlS is 
telephony. The theoretical aspect of tL probleSthe sam^ 
but they have to be conducted entirely different. The solution of 

case^ inapplicable to the other 

T 1 * . ®ory has to go ahead of investigation excent bv merA 
luck, man individual case you find a sofution ’ +7 ! 

w//" solution and it is entirely^wrong^ ”we 

have found means to compensate for the effect of self 
by synchronous apparatus. Self-induction is nor nr,* 

dangerous obiection ^! o7 Vx capacity whieli is the 
satisfactory it', power transmissira^would nofte flir becl^^^^^ 
two conditions are entirely different. The shnL aSossTs em 
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tirely unsatisfactory and makes the problem worse, it spoils what 
little transmission of speech we can get. In America we have 
investigated the transmission at very high voltages and at rela¬ 
tively low frequencies. There is a certain value in self-induction 
but it is not at all essential in most cases to have exactly this 
value. You can get half as much and still the transmission is 
very much improved over what it would be without the self-in¬ 
duction. The more you put the self-induction in :the better it 
becomes. 

Eeferring to the second part of the paper, the mathematical 
side, I have not read it yet, so I cannot say anything abont it. 
If any further suggestions occur to me 1 shall communicate 
tliem in writing. 

Du. Crehokie :—Mr. President, I would like to make one in¬ 
quiry. It occurs to me tliat in looking up the proportions to 
form a distortionless circuit the value of i or the reduction re¬ 
quired is invariable; that if you were to send a sine wave into 
the cable the energy that you get through is necessarily very 
much reduced from what it would be without the induction. I 
would like to ask Dr. Pupin for a comparison of the amount of 
energy that he gets through this 250-mile cable by sending a con¬ 
stant voltage, say of 30 to 50 volts. I would like to form a 
comparison between the amount you get through the cable when 
you have those coils in, and when you do not, because it seems 
to me very important as to the distance that you will be able to 
cover. 

Dr. Pupin :—The ratio is 1 to 10,000. 

Dr. Orehore :—The ratio between the energy you would re¬ 
ceive and otherwise ? 

Dr. Pupin :—Yes. By making a certain arrangement you can 
get it constant within practical limits. In this particular case the 
ratio of the current put in at one end and the current received at 
the other end is 50 to 1. Two per cent, of the current that is 
put in at one end is received at the other end when you put the 
coils in, and of course that is all that is needed for telephony ovt,r 
that length. If you did not have the coils in, instead of 1 to 50 
you would have 1 to 125,000. 

Dr. (Jrehore :—You mean you would get a larger amount 
with the coils in ? 

Dr. Pupin Yes; very much larger. I say 1 to 125,000. I 
could not get any current through at the other end at all that I 
could detect with the telephone. I believe you do not get any¬ 
thing through to speak of. 

Dr. Orehore :—Sending a simple sine wave ? 

Dr. Pupin :—Sending a simple sine wave by means of the 
alternator; that is, using about 15 volts at one end. This calcu¬ 
lation refers to about 625 periods per second. 

Prof. Franklin i What is the condition of this circuit with 
regard to the distortion ? 
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Dr. Pupik The attenuation constant is the same for all fre¬ 
quencies, and therefore the circuit is distortionless. If there was 
any dilference at all in the relation between the attenuation and 
the frequency 1 did not notice it. 

Prof. Franklin: —You did not take precaution beforehand to 

satisfy the conditions. ^ 

Dr. Pupin :—Yes. I did not want any distortion. I could have 
detected it experimentally up to about two per cent, on an average. 
Up to that limit there ‘is no dependence between the frequency 
and the attenuation. If it is anything less than two per cent, it 

does no harm. ^ 

Mr. Steinmetz :—Since they have been speaking of distortion, 
I desire to sound a note of warning. As I said before, the solu¬ 
tion in telephony is entirely different from that in power trans¬ 
mission at low frequency, that d<ies not mean that the proper 
method of alternating current transmission is to put in as much 
capacity as to make it distortionless. Take a telephone cable and 
impress it with the ordinary electro-motive force; then you will 
require a very large impressed power to get the same current 
out of the cable without inductance. 

De, Pupin I would like to correct a statement which our 
worthy president has made. It is not an error on his part, but 
rather a misunderstanding. He said I did not make a claim to 
telephony on an ocean cable. I do decidedly rnake that claim. 

The Peesident: —You did not make the claim in the paper. 

De. Pupin :—1 did not make it in this paper, because I reserved 
it for another paper which I expect to bring very soon before this 
Thstitutb, in which I shall discuss the cable problem in all ifc> 
details. But I do now state decidedly that I am convinced that 
telephoning over a cable of reasonable length, say 1,000 miles to 
start with, is quite possible and nothing at all extraordinary. 

Peof. Feanklin ;—would like to ask Dr. Pupin a question, 
and that is, why not apply this method which you have been 
working upon to simply increasing the possible speed of tele- 
graphv? It applies to that equally with telephony. Why 
telephone across ? Why not apply it to increasing the speed of 
signaling. 

De. Popin -.—That goes without saying. It will help telegraphy 
as well as telephony. Of course it would increase the speed of 
telegraphy. You can take a distortionless loaded conductor like 
the one described in this paper and transmit five or ten different 
messages over the same wire. That would be even more important 
than telephony, but I don’t know that it would be as interesting 
from a scientific point of view. 

The Peesident:— When I said that Dr. Pupin did not make 
any claim to ocean telephony I meant to compliment him; I 
meant to say that he claimed no more than what he had really 
accomplished, and that it was in this that his paper differed very 
radically from the other one to which I referred. Concerning 
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ocean telegraphy, or at least trans-Atlantic telegraphy, it should not 
be forgotten that in telephoning east and west there is another 
factor which enters, and that is that the business days in London 
and New York, for instance, differ by five hours and do not over¬ 
lap for a sufficient length of time to make it pay to have a cable 
for telephoning across the Atlantic unless such a cable could also 
be used at other times for telegraphing. To simply have a cable 
for telephony I am afraid would hardly pay, because the ti ne of 
utilization would only be about two or three hours out of the 24 
This does not apply to telephoning north and south. 

JDr. Crbhore :—I would like to inquire whether I am antici¬ 
pating too much to ask Dr. Pupin whether he is prepared to 
show a form of cable which he could put such coils into or 
indicate how a cable is to be constructed for submarine work, or 
whether he chooses to reserve that for the paper which he intends 
to present in the future ? 

Dr. Pxipm:—No; it is no secret. 1 did not talk about it, 
because I have not yet sufficient experimental data on that par¬ 
ticular form of cable, but it is a cable of the same kind as the one 
discussed in this paper. There is only this distinction, and it is 
only a distinction in degree and not in principle at all. I said a 
little while ago that on a land line of 2,000 miles, say between 
here and New Orleans, if you wanted to introduce coils at a dis¬ 
tance of two miles it would be sufficient, but if you have a cable 
where the capacity is large, then the coils have to be placed at 
much smaller distances apart. I made a calculation for a particu¬ 
lar form of cable, say three-tenths of a microfarad per mile and 
four ohms resistance per mile, and in order to give the cable a 
sufficiently small attenuation constant for 750 periods I introduced 
inductances so as to give three-tenths of a henry per mile. I made 
the reactance coils smaller. I wound the core two inches and a 
half external and one inch internal diameter and six inches long 
with very fine iron wire. That is where the whole trick comes 
in—to have fine wire. It is necessary to have iron wire two mils 
in diameter. I am informed by some manufacturers of iron wire 
in Worcester, Massachusetts, that they would fill such an order if 
I wanted it at once. This is very fine Swedish iron wire. They 
can draw it very easily down to two mils diameter. You wind 
two coils in inductive relation to each other, each 40 turns, copper 
wire, and then you place them eight coils per mile. That is at a 
distance of between 60C and 700 feet apart. Coils like that can 
go right into the sheathing of the cable. It is all a question of 
Foucault current losses in the iron. The Foucault current losses 
can be reduced to a very small amount. I calculate that 25 coils 
like that, with a frequency of 750 periods, would be equivalent to 
adding one ohm to the line. So that form of cable is a practicable 
form. Instead of having them 700 or 800 feet you can make them 
a little more frequent. 

Mr. Hommbl: —It appears to me that the main point just at 
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present is to see whether it is practicable to telephone for any 
such distance through the capacity of an ocean cable and resist¬ 
ance, and if it is, the working out would be a matter of detail. 
Even if the coils could not be made in just this manner, it appears 
to me it would not matter. If they were a little larger there could 
be some mechanical arrangement devised so as to take the strain 
off the coils, and while this arrangement as well as the other 
would undoubtedly make the cost of manufacturing the cable 
higher, probably the income from being able to telephone across 
would warrant the expense; and it appears to me the main point 
would be to find out whether it is practicable to telephone any 
great distance over an ocean cable by means of self-induction 
added at intervals as shown. 


Dr. Pupin:—B ut one more remark. Nobody cares so much 
for ocean telephony anyhow. It is not so very important. It is 
very interesting from a purely scientific point of view, but whether 
it is of so very great commercial importance I am not prepared to 
say. I am rather inclined to think the other way. I think tele¬ 
phony on land lines is the point. We have reached the limit of 
telepliony over land lines. We cannot telephone over 1,000 or 
1,200 miles with any sort of satisfaction. The telephone men 
themselves tell me that it is a somewhat unsatisfactorv business to 
telephone between St. Louis and New York. You have got to 
repeat your sentences very often. The lines are too expensive. 

York and Chicago costs for copper alone 
?2o0,000. Now, supposing you wanted to extend the-limit of 
telephony and wanted to go to San Francisco or to Kansas City 
unless jmu spend four or five times as much per mile on the cir¬ 
cuit you cannot telephone at all. Then you have other considera- 
tions—the weight of the wire, etc.—and according to the views of 
the telephone men themselves it is impracticable to carry on the 
telephone business over a distance longer ttian 1,200 miles By 
spending a few dollars for these coils, at proper distances apart, I 
would undertake to build a line between New York and New 
Orleans, although I am not a practical engineer and I do not care 
so very much for commercial work, but just for the sake of show- 
ing what could be done I would undertake to build a line between 
New York and New Orleans that would be four ohms per mile • 
Aat IS twice the resistance per mile of the standard wire between 
Chicago. I think that this is the really important 
land nne7^^^ P^-oblem of extending the limit of telephony over 


The Fresidekt If there is no further discussion we will ^o 
op with the next paper. TLe title of the next paper and the la^t 
one IS -Nbtes on Synchronous Converters,” by Prof E B 
Owens, of Montreal. * ? j ui. xv. 


[This paper will be printed subsequently.—E ditor.] 



AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS. 


Paeis, France, August 16th, 1900. 

The Seventeenth General Meeting of the Institute, ad¬ 
journed from Philadelphia May 18th, 1900, was continued as a 
joint meeting with the Institution of Electrical Engineers in the 
United States Pavilion at the Paris Exposition August 16th, 1900, 
under the joint chairmanship of Presidents John Perry of Lon¬ 
don, and Carl Hering of Philadelphia. The meeting was called 
to order at 9:80 a. m., by President Hering, who spoke as fol¬ 
lows : 

President Herino :—It gives me great pleasure to open this 
meeting, the first one held jointly by the Institution of Elec¬ 
trical Engineers and the American Institute oe Electrical 
Engineers. 

Such international meetings between societies whose aims are 
alike, but whose surroundings are different, cannot fail to be of 
interest and benefit to all who take part, and to draw closer 
together the different nations which participate, thus strengthen¬ 
ing the ties which bind together the electrical engineers of dif¬ 
ferent countries. 

The promising success of the present session gives us reason 
to liope that it will soon be followed by other similar inter¬ 
national meetings of electrical engineers. 

In behalf of the members of the American Institute of Elec¬ 
trical Engineers, I wish to thank you, Mr. President and Mem¬ 
bers of the Institution of Electrical Engineers, for the great 
pleasure you have given us by joining us in this international 
gathering. It was quite a venture for us to hold a meeting so 
far away from home; in fact, when I first suggested it some 
years ago, the proposition met with some ridicule by members 
of oar board of managers. When we found, however, that our 
older and larger sister society in England joined us so heartily 
in oar proposition, the success of our venture was at once as- 
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aured. I feel sure that those of onr members wlio are present 
and many who are not, hope that this, our first joint meeting,' 
will he the beginning of a series of similar meetings of our sis¬ 
ter societies, and that the next one will be in the home of our 
Institute. 

[Mr. Hering then made a few remarks in French and in Ger¬ 
man, welcoming the guests from other foreign countries, and ex¬ 
pressing the hope that the electrical societies of the leading 
countries will join in holding similar meetings, the next one of 
which he hoped would be in the United States]. 

In accordance with the arrangements of our Joint Committee 
t^re will be two presiding^ officers. Prof. Perry, as the senior 
officer, will conduct the affairs ot the meeting, and will now ad¬ 
dress yon. 

PUESIBEHT Peeey, F.E.S. I—After a very few words from me 
we shall commence the discussion. I can only say to the Ameri¬ 
cans who are now our hosts in this building thk tlieir visit to 
England gave us very great happiness indeed for four days I 
think that every Englishman who joined in the parties feel's that 
It did really give us more pleasure than it was possible for our 
guests to experience. 

minutes to be read at the beginning of this meet¬ 
ing, because there have been no such meetings in the past but 

E this discussiof, and let ?is hope 

thaahey will be read on a future occasion. In the name of tL^ 
wo Institutions of Electrical Engineers, we welcome you ladies 
and gentlemen, to this meeting. ^ 

I will E^pvv ask M. Mascart to say a few words. 

stituS first ^ery cordially thank the In- 

L^wed in Engineers for the exceptional honor be¬ 

stowed in naming me Yice-President; I have been irreatlv 
touched by this particular mark of esteem, and, I may add of 
affection, on the part of the members of this society ’ 

iSfSsSSiSS 

plefsure for me to S^ 

of a journey there several years a^o buTl easant recollections 

those who do not travel ^ T ^“i getting to be one of 

members of the French Society o/pw^^’ 

considering that Question ■roill^To ® rvho are already 

that very foon yoif Si be Tb 1 f i??/- citation, and 

phia, for eraSa reunffif rb^^ America,atPhiladel- 
America,En J ’FranTe pL n electricians of 

countries ^ Germany, without counting other 
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Bnt if I cannot be one of yon on that occasion, I shall accom- 
pany you, nevertheless, with my sincerest wishes for the success 
of your reunion. 

Now, in the name of French electricians, in the name of the 
Society of Electricians, I thank you again very cordially, for 
choosing the city of Paris as the place to hold the sitting of’ your 
associated societies. I particularly thank our two honorable 
Presidents who took the fruitful initiative in this extra-territorial 
reunion. 

Peesidext J. Peery I will ask Mr. Ferranti to open the 
discussion. 



A Topical Discussion at the Joint Meeting of the 
American Institute of Electrical Engineers 
and the Institution of Electrical Engineers^ 
Parisy August i6th, igoo^ Presidents Hering 
and Perry presiding. 


O]^ THE EELATIVE ADVANTAGES OE ALTERNA¬ 
TING AND OONTINTJOHS CTJREENT FOR A 
GENERAL SURELY OF ELECTRICITY, ESPEC¬ 
IALLY WITH REGARD TO INTERFERENCE 
WITH OTHER INTERESTS. 

[A Topical Discussion.] 

Me. S. Z. de Fereanti :—I am indeed greatly honored by 
being allowed to open the discussion at this most fortunate meet¬ 
ing. I say most fortunate, because you will all agree with me 
that nothing could be better than that the American and Eng¬ 
lish associations of Electrical Engineers should have a joint meet¬ 
ing. There is only one thing in my mind which is perhaps bet¬ 
ter, and that is that we should be holding this meeting in Paris, 
and thus show what a great tie really unites us all, and how much 
more friendly our feelings really are than is often supposed. 
The subject for this discussion was left for the English Institu¬ 
tion to select, and I can assure you, gentlemen, that it was a 
matter of no little difficulty to decide upon what we should dis¬ 
cuss. The subject which has been chosen you may at first think 
is simply a revival of the old contention between alternating and 
continuous current. I hope, however, that it is no such thing. 
Matters have greatly changed since the early days when the ad¬ 
vocates of each of the two systems were, I may almost say, bit¬ 
ter enemies, and when they thought that everything that was 
done by the other side was wrongly done. We have all found 
that that is not so, and that there are great merits in the par¬ 
ticular uses of both systems. But, as i have said, things have 
changed, and they have not changed yet as much as they are 
going to change in the future. The question that we have to 
deal with must be considered in the light of what electricity will 
be ten, fifteen, or twenty years hence. You have seen how the 
industry has grown ; you know, by being members of the elec¬ 
trical profession, how much it has done up to now. I think few 
of us, although it is our life’s work, realize what electricity is 
going to grow to, and how important and universal a part it is 
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gdng to plaj. It is, however, in this light that we mast con¬ 
sider what are the best lines to be worked upon. It is no longer 
the small isolated systems which could be worked on one plan 
or another according to convenience ; that we have to deal witli, 
but it is the question of transmitting and using big powers all 
over large areas. Now, with regard to the advisability or de¬ 
sirability of one system, the continuous as against the alter¬ 
nating current: many of you know that I have consistently 
worked with alternating currents, and you will therefore appre¬ 
ciate that my knowledge of the other subject is not what it 
should be as compared with that of those who have worked- 
more exclusively in that direction. I, however, desire to dis¬ 
sociate what I have done from what I am going to say, and 
rather than give so much my own opinion, I shall suggest a few 
points to you bearing upon what the general opinion is on this 
subject, as I consider it most important. 

Looked at from the new point of view, this is what presents 
itself._ Which will be the possible system in the future? I say 
“possible” because many of us have had very serious experi¬ 
ences of the electrolytic effects which are produced to such a 
large extent by the continuous current. What I am wondering 
is this : If this system is developed and extended to a very large 
extent, will it be possible satisfactorily to preserve any metal 
work in the earth at all ? We have not only got to deal with the 
lead coverings of electric cables, but we have also any amount of 
structural ironwork—water mains, railway rails, gas mains, 
water pipes, and all sorts of things—the quantity of which is in¬ 
creasing every day in our streets all over the country. The 
amount of property^ invested underground in one or other of 
these forms is reaching a very great figure; and it becomes a 
serious question for us, not so much in the light of to-day, but 
in the light of the future, when immense developments will have 
taken place, to know on what lines we should go, and how best 
to protect this immense property, which may be injured by the 
otherwise beneficial work which we are doing. Of'course alter¬ 
nating currents are not quite free from the liability to produce 
some_ harm, but what little harm they can do is not of com¬ 
mercial importance. Therefore I consider it will want our most 
careful thought and work and investigation to find out really 
how we can diminish these electrolytic troubles, due to con- 
tinuous currents, or whether it will not be necessary to substi¬ 
tute alternating current, which produces but slight detrimental 
effects, and see how to overcome what disadvantages are now left 
to it. I hope that a great many of you gentlemen present will 
give us valuable information on this subject, and, after you have 
left this meeting, having heard the discussions which have taken 
place, that during the next few years you will give the matter 
your careful consideration, and then contribute your views 
through the electrical press, or by another such meeting as this, 
to the electrical profession at large. 
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Again, gentlemen, I must thank you for having been allowed 
t-o open this discussion. I hope it will be a full discussion, and 
■fcliat what I. have said may stimulate discussion and lead to^ care¬ 
ful consideration of the subject which will prove beneficial to 
file electrical industry in the years to come. 

Mr. Bion J. Arnold :—I wish to express my appreciation of 
file honor conferred upon me by being permitted, in this discus¬ 
sion, to follow so distinguished a worker in the electrical field as 
lV[r. Ferranti, i did not know about my colleagues’ intentions 
of calling on me this morning until late last evening, otherwise 
I would "have taken time to prepare my remarks. We have all 
heard that the man who dares to assert that '‘electricity is in^its 
infancy” is liable to annihilation on the spot; but after Mr. Fer¬ 
ranti’s* remarks I fancy we may be considered, for the moment 
a.t least, to be on the threshold after all. 

I think it may bring out the discussion of this subject be'- 
f ween the different countries, here represented, more thoroughly 
if I outline briefly the practice in the country which I come 
from, viz., the United States of America. For lighting work 
we started in our large cities with the direct current system as 
3 .dvocated by Mr. Edison. By the way, I once saw a letter from 
IMr. Edison, written some ten years ago, in response to an inquiry 
a.ddressed to him asking his views on the relative advantages 
a.nd disadvantages of the alternating and direct current. His 
letter intimated that he thought the alternating current was of 
Satanic origin, that it was a delusion and a snare, and that no 
^ood could come out of it. Mr. Ferranti has proven that the 
oontrary is the case, and judging from his remarks and the work 
of many otliers it seems as though the ideas of his tSatanic 
IMajesty may yet prevail. 

Keturning to our subject, we started in our large cities wdth 
fhe direct current system and in onr smaller cities with the alter- 
xiating system. To-day the direct current seems to have not 
only held its own in our large cities, but, in addition, is replac¬ 
ing the alternating system in some cases, although the alternat¬ 
ing system holds its place for smaller cities covering widely dis¬ 
tributed districts and for transmission to the outlying districts 
of our larger cities. In the city of Providence, Rhode Island, 
one of the first and leading cities in the electric lighting indus¬ 
try, the alternating apparatus originally installed has been en¬ 
tirely thrown out, in the underground districts, and replaced 
with a direct current system of supply, delivering energy on a 
three-wire 480-24:0 volt system. The same thing is taking place 
in the city of St. Louis, Mo., although at that point they have 
XIot abandoned the use of the alternating apparatus, but a com¬ 
peting company has installed a direct current system on the 
480-240 volt three-wire system, which company has largely 
-taken the business of the alternating company within the district 
it reaches, and the net earnings and operation of the direct cur. 
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rent company have been very satisfactory. I mention these two 
important installations to emphasize my statement that the 
direct current is holding its own in oiir larger cities. I believe 
the alternating current will hold its prestige in our smaller cities 
and in the outlying districts of our larger cities. 

In answer to Mr. Ferranti’s advocation of the alternating cur¬ 
rent for lighting work in large cities, I will say that there is 
no means, so far as I know, for equalizing the load upon the 
power station when the alternating current is used, thus losing 
the advantages gained in direct current work when using storage 
batteries. The installation in the latter case would require less 
investment than would be necessary if the alternating current 
were used, assuming a reasonable area over which the energy is 
to be distributed. 

^ Coming now to railroad work, we started with a 500-volt 
direct current .system, and gradually increased to (300 and 700 
volts, and are now utilizing the latter on the sections of the roads 
contiguous to the power houses, and driving our more distant 
sections with three-phase 25 or 30 cycle alternating current. I 
believe this will be modified,.and that the alternating current 
will ultimately predominate in railway work. I believe that we 
shall soon eliminate entirely the sub-station, the rotary con- 
wter, and possibly the static transformers at the power house, 
we shall at^ least eliminate the sub-stations. Mr. h'erranti is no 
doubt working on this theory, and so also are others, in the 
respective countries here represented, including some from the 
United States. Some of us feel that there is a fair hope for suc¬ 
cess. It may, of course, be slow in coming, but that it will 
come I have no doubt. There are two main diflSculties at pres¬ 
ent in the way of a complete and successful alternating current 
railroad system. The first is a lack of a practical method of 
starting and controlling the speed of an alternating motor with¬ 
out excessive consumption of energy. The second is the one 
pointed out by me when referring to lighting work, viz., the 
lack of a load equalizer corresponding to a battery in direct’cur- 
rent work. Some of us are hoping for and endeavoring to 
develop a system by means of which we will utilize or have the 
advantages of an equalizing reservoir as it were, thereby taking 
the place of the storage battery in direct current railway wor£ 

I believe this is coming, and if it is successful we shall have an 
ideal system for long-distance railway work, utilizing all the ad¬ 
vantages of the alternating current for transmission, and the ad¬ 
vantages of the equalized load factor for economy, and we shall 
not have the disadvantages of the sub-station and its correspond¬ 
ing maintenance and labor expense. 

1 do not know that I can add anything more tb the discussion, 
but if I have succeeded in pointing out, in a general way, the 
lines upon which the engineers of our country, and possibly 
of others, are working in the lighting and railway fields, it is all 
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I can reasonably hope to do in the time allotted to me. If any 
further information is desired regarding the details of the work 
to which I have alluded, I will, if the questions are asked, give 
such information as I can consistently at the present time. 

ISiR William Peeecb :—I feel somewhat in the same position 
as the blank leaf between the Old and the ISTew Testament. I 
am here as a past President of the British Institution of Jhlec- 
trical Engineers, but I am also an Honorary Member of the 
Institute of Electrical Engineers of America. I therefore speak 
in the blank-page capacity. I also hold the position of never 
having compromised myself by associating myself either with 
the direct current or with the alternating current system. I have 
used both when I thought either was right. I believe there are 
circumstances in which the one is essential, and under different 
circumstances, where the other properly comes in. 

JNow, we want to consider the subject before us from different 
points of view. We have to consider generation, we have to 
consider the distribution of our currents, and we have to con¬ 
sider the transmission of these currents to great distances. In 
the first place, we have to deal with the generation of our cur¬ 
rents, and there we start exactly from the same point, for we 
must remember than an ordinary dynamo is nothing more nor 
less than a simple alternator. So we start from the same basis. 

Mr. Ferranti commenced his remarks by referring to some of 
the disturbances. He dealt with the electrolytic effect upon 
pipes and metallic coatings. There is another serious disturb¬ 
ance that has caused many of us anxious moments, and that is 
the disturbance produced by alternating currents upon tele¬ 
phones. I have always said tlie telephone is perfectly compe¬ 
tent to take care of itself. The alternating current engineer 
need not worry himself about telephones. The telephone is 
never complete until it has worked on metallic circuit, and when 
that metallic circuit is tested and properly maintained, no alter¬ 
nating currents, whatever their frequency, whatever their strength 
may be, can possibly affect telephones. There is another serious 
difficulty that we have met with in our practice, and that is dis¬ 
turbances to railway signals. Although under ordinary normal 
conditions alternating currents cannot affect the railway signals, 
there may be sudden rushes to earth due to those strange effects 
that were once called, and rightly called, Ferranti effects, certain 
sudden effects of momentum in alternating circuits which raise 
the voltage so that the insulation is pierced by great surgings of 
current. Such things have produced, and will produce, false 
signals on our block system unless some step is taken to prevent 
them. 

The rest of the disturbances are comparatively trifling in their 
frequency ; but they have been serious in their consequences. 
There are the fires that have been caused by some of these surg¬ 
ing effects to which I have alluded. JNow, in determining the 
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necessity for the use of either system, we haye not only to con- 
pder what 1 have said, but we have to consider the use to which 
it is placed. ^ There is first electric lighting, next motive power, 
thirdly traction, and fourthly the transmission of power to a dis¬ 
tance. I do not think there is a single man in this room who 
would not agree that the only practical and the only possible 
way to _ transmit energy to a great distance is now the triphase 
alternating current system. No high pressure continuous rna- 
chuie has yet been constructed which could possibly do what is 
being done between Niagara and Buffalo, and in California, and 
m owitzerland. There can be no question that for transmission, 
the alternating currents must be considered pre-eminent. 

As regards motive power, we come to quite another question. 
Ihere is no doubt at the present moment that the triphase motor 
IS as good as, if not better than, the continuous current motor 
under some circumstances. Mr. Arnold referred to the fact that 
m his country the continuous current was holding its own and 
displacing the alternating current. Here in France—I forget 
where at the present moment—there is an illustration, where 
continuous cimrent machines have been removed, and replaced 
by triphase, in consequence of the superiority of the triphase 
over the alternating current. So we have this curious see-saw 
going on ; at this side of the water the triphase supplanting the 
continuous current, on the other side the continuous current sup¬ 
planting the triphase. The moral is, that each in its own sphere 
IS good, and as both are used, there can be no serious defects in 
either the one or the other. 

One of the most important questions which has not been 
raised,^ and which I should wish to raise, is that relating to the 
necessity of standardizing the frequency. I cannot perhaps re- 
rnember all the cases, but we commence with Niagara. There 
the frequency is 25. There is another large installation where 
it IS 45. In many places in ICngland—and Mr. Ferranti himself 
MS started one in the south of London—the frequency is 50. At 
Deptford, in an installation which he originated, the number is 
now 67. We come to the city of London, where I think it is. 
97 or probably 100. In our first alternating current systems in 
London we started at Sardinia street with 130. Now we find 
that the frequency is varying in different parts of the world frona 
25 to 130, and_ that shows that there is something wrong some- 
where. I believe I am right in saying that the American engi- 
neers would have the standard for motive power 25, for ordinary 
distiibution 50, and for honse distribution, where each house has 
Its separate transformers, 100. I think that is so, but I have no 
notes by me to refer to. Anyway, I want to point out that if 
this joint meeting can possibly do any good it will first allay the 
impressions that there is any difference among engineers as to 
the relative superiority of alternating and direct current systems ;■ 
and secondly that now at this joint meeting we might deter- 
mine a standard frequency that sfiall apply to various wises. 
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I have only one more point to make. That is to call atten¬ 
tion to one line of progress along which we are working in Eng¬ 
land. I refer to the distribution of these triphase currents at 
high pressures to great distances by means of underground cables. 
Nearly all the experience in America is with overhead wires. 
The longest underground system which I know is the one estab¬ 
lished by Mr. Ferranti between Deptford and Trafalgar Square. 
This is nearly eight miles long. But underground mains to con¬ 
duct high pressure triphase currents will be laid to a very large 
extent, and those engineers who will have the designing and 
manipulation of these must find out and learn all they can of the 
effects of capacity, for in‘all I have read and all I have seen that 
capacity is practically ignored. Everybody considers induction, 
which is small in its effects compared with capacity. I anticipate, 
when we get long lines of twenty or thirty miles ti'ansmitting 
triphase currents" at 10,000 volts, great difficulty will be experi¬ 
enced in effects due to capacity. 

De. a. E. Kennelly : — The occasion which presents itself to¬ 
day for the discussion of this subject is, as we have just heard 
from Sir William Preece, a most fortunate one, namely, for the 
expression of opinion as to the best frequency which can be 
adopted for alternating current systems as well as for the cure 
or dispersal of some of the mists which still hang over the pre¬ 
cincts of the fields of alternating current and direct current sup¬ 
ply. I think we are generally agreed, not only in America, but 
also, I think, here and in Europe as a whole, that where you 
have a densely crowded area to be lit by incandescent lights or 
arc lights you cannot do better than supply that area with direct 
current at the pressure at which it is to be operated ; and if the 
area is narrow and constricted, you need not exceed the pressure 
of a single incandescent lamp, or say about 100 volts. But as the 
area extends, the quantity of copper you put down becomes so 
large an item of the capitalization, that you must employ a greater 
pressure, saj^ 240 or 250 volts, over a distance up to half a mile 
or a mile. When you come to a greater radius of transmission 
in your dense area you must employ 500 volts, and finally there 
arises"a limit beyond which it becomes uncommercial to supply 
the direct current for the direct application, and you must intro¬ 
duce a higher pressure. To introduce this higher pressure you 
must resort to alternating currents, and so in many of the large 
cities of America you will find that the heart of the city is sup¬ 
plied by a direct current system on the three wire plan, and then 
the outlying regions of that same system are supplied through 
the medium of alternating currents at higher pressures. The 
pressure increases as the distance of transmission increases. We 
are all agreed that when the distance of transmission is consider¬ 
able you must employ the alternating current. On that ground 
we all stand. Thus when you have to supply electric traction 
systems at a distance, you inevitably employ the alternating cur- 
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rent, and then you resort at the distant end, at least in America 
to the direct current supply through the medium of converters! 

together of those two systems is accomplished 
with diihculty as well as at considerable expense. There is a set 
of transformers to reduce the pressure, and then there is rotating 
inachmery required to supply the direct current. This eonditioh 
ot aliairs is so anomalous and inconsistent with the otherwise 
great simplicity of electric current supply, that it is difficult to 
understand how so remarkable a combination arose. 1 think it 
may be claimed to be due to the fact that the electric motor for 
tramways came into existence gradually and'developed as part 
of a direct current system, and that up to the present time the 
standard traction systems of America have been all direct current 
sy stems. The difficulty of supplying all the apparatus needed 
upon an alternating current basis, even supposing there were no 
objections and difficulties to be met with in the alternating cur- 
ren motor, have constituted reasons sufficient to account for the 
anomalous coiidition of affairs. If, however, in the future the 
aitticulties which remain in the way of introducing induction 
motor street-cars can be cleared away, we may expect, as I think 
JAr. Arnold intimated, that this condition will be eliminated, 
and we shall have nothing more than a plain alternating current 
system from beginning to end. The only considerable disad- 
vantacfe would he m the difficulty in maintaining a steady dis- 
tnbution of pressure. _ The difficulty which is encountered in 
tlie matter of the distribution of direct currents on electric rail- 
road systems supplied from a distance is, as we know, the electro¬ 
lytic difficulty There has been much trouble in America on 
tins account Many pipes have been destroyed and others have 
been much damaged by this means. But that difficulty is givino' 
way to careful and deliberate engineering, and it is a much less 
serious difficulty at the present time than in the past, because 
engineers know better now what to do. The damage has oc¬ 
curred not so much to large mains as to service pipes crossing the 
streets,^ and also to telephone cables where the metallic sheathing 
IS continuous. By care ful attention to these conditions, by stiidw 
ing the outlines of the system carefully, this electrolytic diffi¬ 
culty has been, and can be in the future, largely eliminated in 
maintaining a difference of potential between pipes and tracks 
not Mceedingone volt within the danger area, by putting down 
a sufficient amount of ground-return copper, and by carefully 
bonding the tracks. This danger from the electrolytic action 
resulting in, corrosion can be largely eliminated, and we may 
expect by engineering skill that this trouble will be almost en- 
tirely overcome. 

One disadvantage, however, which has not been pointed out 
by preceding speakers in the direction of alternating current 
raction consists, I think, in the increased hazard from shock 
and increased danger to life and person. An accidental shock 
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from 500 volts of direct current is not, as a rule, a serious thing. 
There are cases on record, I believe, where it has proved fatal, 
but they are certainly very rare, and the number of shocks which 
are accidentally encountered from day to day over a large number 
of traction systems is considerable. If, on the other hand, you 
employ 500 volts of alternating current and get an accidental 
shock from that, the shock may be much more severe, because it 
Avould seem from recent experimental researches that the danger 
from shock is the danger of disorganizing the action of the heart. 
The danger in a shock from the direct current is in the first im¬ 
pulse, and may be recovered from ; whereas, with the alternat¬ 
ing current you get a succession of shocks which may be suffi¬ 
cient to disorganize the heart beyond all chance of restoration. 

There are, of course, other outstanding difficulties with alter¬ 
nating current transmissions on railroads, but they are all seem¬ 
ingly of minor consequence. There is, for instance, the 
disturbance affecting the magnetic needle in general, and those 
of a magnetic observatory in particular. But it seems to me 
that the worst that can happen in that case is the banishment of 
the magnetic observatory from the vicinity of civilized commu¬ 
nities to the more desert regions of the earth. "While that may 
be a misfortune and an expense in particular cases, yet the aggre¬ 
gate advantage to the entire community of giving a traction sys¬ 
tem on the one hand, and removing an observatory on the other, 
does not appear to be worthy of comparison. 

Professob W. E. Ayrton:— The special point to be decided 
at this discussion, as Mr. Ferranti brought out, is the relative 
advantage of the alternating and continuous current, especially 
with regard to interference with other interests. Interference 
is the main question we have before us in accordance with the 
title. There is no question whatever that we have had in various 
countries a very large amount of interference, and therefore I 
need not go into the details. Electrolytic interference Dr. Ken- 
nelly has referred to, as well as others, also telephone interfer¬ 
ence. A very serious kind of interference has grown up within 
the last two or three years, namely, interference with sub¬ 
marine cables. A very serious case happened in the Cape of 
Good Hope, where a large amount of damage was done, and 
there was considerable stoppage of messages coming by the West¬ 
ern cable to Europe. There has been interference with the mag¬ 
netic observatories that Dr. Kennelly mentioned at the end of 
his remarks. There is no question about these interferences, but 
there is the question how are we to deal with them ? Should you 
endeavor to destroy the attack, or sliould you allow the attack to 
remain and endeavor to improve the defence ? Those are two 
totally different methods of dealing with the subject. In other 
words, should you endeavor to construct each nndertakins: in 
a way that it 'will not cause any interference with anybody else, 
or will you start with assuming that there is war? Are we to as- 
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same that the other side are sure to attack us, and that they will not 
mind our losses and griefs, and all that we can do is to try to de¬ 
fend ourselves? TLo a certain extent both practices, both plans 
have been followed, in Great Britain, at any rate. The Board 
of Trade regulations state Aat there shall not'be more than seven 
volts difference of potential between any two points of the rails 
if the rails of the tramway are used as a return. That is an in¬ 
dication of an endeavor to prevent the enemy attacking us too 
much, allowing them to fire at us but not with expanding bul¬ 
lets, 60 to^ say. The regulation does not say how long the line 
may be with such a restriction, whether it is to be a long one or 
a short one. 8till the seven-volt rule applies, l^ow, it has been 
shown conclusively that the seven-volt rule does not give suffi¬ 
cient protection. It certainly does not give sufficient protection 
in the case of a submarine cable which lands anywhere near the 
place where the tramway runs. It does not give sufficient pro¬ 
tection in many cases as regards electrolysis, and obviously it 
would not give sufficient protection in any magnetic observatory 
which might be located in the neighborhood of the tramway. 
In the case of telephones it is possible to obtain a very good de¬ 
fence, and to make the telephone people more or less independent of 
attack. It was indeed the ease with which that defence can be 
constructed that led the JToint Committee of the House of Com¬ 
mons and the House of Lords, before whom the matter was 
brought a few years ago, not to interpose restrictions in the con¬ 
struction of tramways, because the conclusion they came to from 
^e evidence they heard was that a telephone system in Great 
Britain was so shockingly bad in consequence of the use of the earth 
as a return—there was in fact so much interference of one with 
line with another—that even if there were no electric tramways 
at all, and no distribution of electrical energy on a large scale it 
would be necessary for the telephone companies to resort to 
modifications. They would have to do that apart from electrical 
distribution, and therefore it was not necessary to restrict elec¬ 
trical distribution because telephones had to adopt their own de¬ 
fence. But regarding the water pipes and gas pipes that does 
not apply at all. They cannot use anything in the nature of an 
insulated ^'return” which will prevent electrolysis. 

Now I come to a very important point which has not been 
suggested by any of the speakers so far—though perhaps I am 
wrong in saying it was not suggested, as it was implied by Mr 
h erranti—viz., that it would be very different if direct currents 
were used instead of alternating. Eut any doubt of the truth of 
that assertion has not been suggested by any of the speakers If 
we were to adopt universally a general syste n of alternating cur¬ 
rents should we be free from electrolysis ? This is a point which 
lias been interesting me for some time past, and I was making 
some observations on that subject this year in Geneva, where 
they have suffered a great deal from damage in the pipes. The 
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matter was referred to me to investigate, and I will only remark 
til at it is not at all clear that if only alternating currents were 
employed the pipes would be free from electrolysis. Some years 
ago 1 carried out experiments and showed an interesting one to 
certain people in my laboratory. I took an ordinary sulphuric 
acid voltameter, the Hoffman voltameter, with two tubes and a 
platinum electrode in each tube. The hydrogen was evolved in 
one tube and the oxygen along the other. We sent an alternate 
ing current through, and the same thing occurred as with a direct 
current, namely, the hydrogen came off in one tube twice as fast 
as the oxygen in the other. It is clear that we cannot assume 
that there will be no electrolysis because an alternating current 
is employed, and 1 find on this table a sample, of which I did not 
know previously, which has been sent by Mr. Trotter, of the 
Board of Trade, illustrating that very thing. The label says: 

One of a pair lead pipes buried in a box of earth corroded by 
one ampere alternating current passing from pipe to pipe for 
six weeks.” That is the result. That is notunlike the corroding 
seen in Geneva during my investigations. Mr. Trotter mentions 
in his letter that the specimen was corroded by an alternating 
current coming from Deptford. That does not mean that the 
Deptford current is worse than any other. He states that the 
current came from Deptford to show that it was not any fancy 
laboratory current. I admit that mine was a laboratory current, 
but it was produced at any rate by a Ferranti dynamo. The let¬ 
ter proceeds to show it was no fancy laboratory current—I add 
it with regret, because Mr. Ferranti will argue, I suppose, that 
less damage is done by alternating than by continuous current. 
There are no more particulars to give except that the pipes are 
six inches apart and the sides where the currents passed each 
other are more corroded than the other parts.” 

It is clear, then,- that alternating current will not give us pro¬ 
tection with certainty, and it is clear also that it is a very import¬ 
ant question to examine under what circumstances alternating cur¬ 
rents do produce electrolysis, and under what circumstances they 
do not. That is a subject which has attracted a good deal of attention 
subsequently to my publishing the little experiment I told you 
about in connection with the voltameter, and I shall be very glad 
to hear from the meeting the results of any experiments which 
will enable us to settle what should be done with a lead pipe so 
as to make it, if possible, immune to action by an alternating 
electric current. For it is not possible to do that if such action 
occurs. If I polarize my platinum plates by means of a direct 
current first, then decomposition by means of alternating current 
takes places with perfect ease. I do not mean to say that the 
same amount of gas came off for a given number of coulombs, 
which would have come off with the same number of coulombs 
of direct current, but I mean when the observer saw the volta¬ 
meter without looking at the ammeter at all, he saw no differ- 
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ence whatever between the hydrogen and the oxygen coming 
off with the alternating current as compared with that from the 
two separate tubes with the direct current. 

Speaking now about the defence, about arranging our pipes 
(water and gas), and the submarine cables, so as to prevent the 
attack hurting us. In spite of wdiat Dr. Kennelly said, I think 
more might be done to avoid the attack, and I am happy to say 
the London Tramway Companies have not looked at the matter 
at all from the drastic point of view that Dr. Kennelly has jnst 
suggested. The London Tramway Companies have ^^o^$said: We 
are coming. You have magnetic observatories near London. If 
we destroy them we are very sorry, and you had better go some¬ 
where else.” They have not taken that line at all. The line they 
have taken is: Will you try and find out for us what we 
must do, the least we must do, to ensure you immunity from dis¬ 
turbance?” The result, as you know, has been that a Joint Com¬ 
mittee was appointed by the Board of Trade to carry out experi¬ 
ments, and find out what was the magnetic disturbance produced 
by existing electric railways and tramways in Grreat Britain, when 
those tramways or railways worked under the Board of Trade 
regulations. When the difference of potential between the rails 
did not exceed seven volts, what was the disturbance ? We found 
the magnetic disturbance very considerable and the seven-volts 
limit was quite impossible in the neighborhood of the observa¬ 
tory. 

Without giving you a long account of all the experiments, I 
will give you practically the final result. The final result of the 
experiments and negotiations, for which we have very much to 
thank our British President and Professor Eucker, for they have 
taken a very active part in connection with these negotiations, 
has been this: Within two miles of the observatory the Tram¬ 
way Companies offer to cut up their line into one-mile sections— 
that is to say, no part of the line in that neighborhood shall be 
electrically continuous for more than a mile, each mile being in¬ 
sulated electrically from the rest of the tramway system, and that 
current shall be brought to the trolley wire at the middle, and 
taken away from the rails at the middle of each mile section. 
Further, that no point whatever of the rails of any of these sec¬ 
tions shall be allowed to differ from the potential of the earth 
by more than one-fifth of a mlt We have assured ourselves by 
calculation and by experiment carried out in different parts of 
London and Great Britain, that with such a difference of poten¬ 
tial magnetic instruments will probably not be disturbed to an 
amount that will be practically serious; that is to say, by an 
amount that will interfere with the ordinary observation's carried 
out in a good magnetic laboratory. So I am very happy to say 
that the tramways, although they are about to use American 
plant, have looked at the matter from what 1 may call in this 
case a American point of view. And instead of relying on 
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a supposed superior importance possessed by tramways over a 
study of the earth’s magnetism, they have worked cordially with 
the Government’s representatives in ascertaining what precau¬ 
tions must he taken to ensure immunity for the London mag¬ 
netic observatories without introducing too much interference 
with the commercial working of tramways. 

There is one other point with reference to alternating currents 
for electric tramways which has not been yet suggested. I was 
informed that one of the reasons why in the United States, alter¬ 
nating currents were not employed was because they found a 
difficulty in getting a good contact between a trolley pole and 
the wire when the wire had snow upon it, more difficulty, that 
is to say, with alternating than with direct current. Since that 
time, which was in 1897, certain electric railways have been con¬ 
structed on the Continent of Europe which use alternating cur¬ 
rent, and it will be interesting if any one here can tell us whether 
any difficulty has been experienced in the winter when snow 
rested on the trolley wire; that is to say, more difficulty than 
would have been experienced had the direct current been em¬ 
ployed. 

Me. Desire Korda :—When distribution in a great city is in 
question, the alternating current, either single or three-phase, 
thanks to the ease of its transformation, offers advantages over 
the high-tension constant current, which demands for its trans¬ 
formation the use of rotary transformers. As to the single¬ 
phase current, the great objection which is often opposed to its 
adoption, is the difficulty of adapting it to motive power, the 
^ true motor for the simple alternating current not having, yet 
been invented. It follows, in many cases, that one prefers 
to adopt the polyphase current, notwithstanding the difficulty of 
conveniently regulating the three bridges, and of maintaining 
their equal tension; recourse has been had sometimes to more 
or less complicated systems, polycyclal, or others. • 

It is on the question of polyphase currents that I wish to say 
a few words, or rather on a case in which their advantages and 
their inconveniences, as compared with the constant current, as 
revealed in a much more evident fashion ; or the case of the dis¬ 
tribution of power in a great factory, as for example, a large 
sugar refinery. 

Polyphase currents, as you know, gentlemen, are spreading very 
rapidly for the distribution of power in such establishments, 
owing" to the simplicity of the receiving apparatus, which re¬ 
quires almost no repair ; on the contrary, for constant currents, 
the collector requires many repairs, and a degree of cleanliness 
difficult to obtain, especially in a place like the sugar refinery 
I mentioned, where one constantly meets with liquids more or 
less viscous, and dust which settles on the collector. 
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Very often I have had occasion to compare the two systems 
in making new plans, and I have then seen their respective ad¬ 
vantages and inconveniences. The points to which I wish to 
call your attention are the following; 

From the point of view of maintenance and repair and for 
the ease l have cited,, there is no need for hesitation; all the ad¬ 
vantage is with the polyphase current But here is one inconve¬ 
nience which presents itself. In a factory like that I have taken 
for an epmple, it is impossible to adopt currents of high ten¬ 
sion chiefly on account of the viscous liquids and the dust of 
which I spoke; the degree of cleanliness that may be relied on 
is only relative, and the dirtiness which results, interdicts the 
use of high tension currents. Also, the management of the re- 
flnery limits the electrical engineer to a tension scarcely more 
than 200 volts, because the efficient tensions exceeding 200 volts 
for an alternating current,give as their maximum value, tensions 
which are already beginning to be considered dangerous. Then 
too, in this refinery, we have to operate numerous motors, cen¬ 
trifugal sugar pans, for example, of great size, and these ma¬ 
chines require a current of great quantity, especially at starting. 

It is necessary to place conductors carrying heavy currents 
in channels or gutters. The proprietor of the refinery for 
economical reasons, spends as little as possible for the channels, 
and prefers bare to insulated conductors. As one cannot twist 
together three bare cables as could be done with insulated 
cables in order to avoid the effect of self-induction, one is ob¬ 
liged to place them as near together as possible. But there is a 
necessary limit to their proximity both on account of the ten¬ 
sion and the lack of cleanliness. Here then arises a new cause of 
wattless current for the electrical engineer charged with the plan 
of installation to consider, especially if the place of origin of the 
distant from the location of the motors. 
If It IS, for example, at a distance of 2U0 or 25u metres, the self- 
induction of the line begins to play an important part in a work¬ 
shop of considerable size. 

To the increase in the quantity of the current proceeding from 
the counter electromotive force of the motors is added the fall 
of tenmon proceeding from the self-induction of the line. 

Besides, in most cases a special machine for exciting is not 
f th® establishment saying to himself 

that if he had employed the direct current,the same machine would 
liave turnished the exciting power, and there would have been 
no need for a special exciter. Planting himself on these con¬ 
siderations, he asks you to make an estimate including the ex¬ 
citer on the same machine with the generator. 

From this results a third reason limiting you so far as concerns 
the voltage of the system. In effect, at the moment of the 
charge of the alternator, the engine slows up ; the ex- 
•citerialls oir also, and when one has the greatest need of voltage, 
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the exciter, to use a popular phrase, leaves us in the lurch. This 
diminution of the voltage is, in fact, as you can see, in direct 
ratio to the square of the diminution of the speed of the 
machine. 

Thus there are three reasons why, for the applications of the 
class I have mentioned, one is obliged to choose a machine of 
greater capacity than one would use for a constant current. 

Now let us see what remedies the day may bring forth. As 
you know, people have begun of late—and the Universal Ex- 
position of 1900 made the first practical application—to concern 
themselves with the compounding of alternators. I think, in¬ 
deed, in analogous cases, compounding is entirely indicated, and 
not only compounding, but over-compounding, for not only must 
one be able to compound the alternators, but it is necessary also 
to arrive at over-compounding in that which concerns the wiring 
in order to make headway against the loss of voltage arising 
from the self-induction of the motors. I believe that, in conse¬ 
quence, from the day when the application, of which we have 
had the first appearance at the Universal Exposition, shall be¬ 
come general, the polyphase current situation in comparison 
with the constant current, will grow better and better. 

All that I have said has no bearing on the distribution of 
power by electricity in a large city ; because in this case one has 
a high tension, and the fall of potential is proportionately very 
feeble; the quantity of current being small, the value of the 
counter electro-motive force is correspondingly feeble ; besides 
the difficulties I spoke of will in some fashion cure themselves. 
But when one has a great workshop to serve, and it becomes 
necessary to employ large quantities of current under a low ten¬ 
sion, these considerations I have named present themselves, and 
one is naturally compelled to take account of them. 

Dr. F. B. Crocker: —i think now that the discussion has been 
opened, and the subject generally covered, that the time has 
come when we may confine ourselves to a few special points. 
The subject of our discussion is with regard to interference. I 
do not think that is the most important point, but as that is the 
subject we should apply our remarks largely to that. There are 
two interference eflEects that electric currents produce. I think 
they might be classified as the inductive and the leakage effects. 
Under the head of inductive I should include the magnetic 
effect, because the inductive effect is the magnetic effect, and 
vice versa. Now, the inductive effect of the direct current is 
j)urely magnetic, it produces only magnetic effects in its vicinity. 
Therefore its disturbing effect is upon magnetic apparatus in 
magnetic observatories or upon magnetic apparatus generally. 
But there are not many magnetic observatories in the world, 
and, as Dr. Kennelly observed, they might be relegated to a 
point where they would not be interfered with. It does not 
seem to me that the progress of the electric art ought to be in- 
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fluenced |;reatl 7 by tbe existence of a few magnetic observa- 
tones and_ certainly it would not be so in many places So I 
should be inclined to agree with my fellow-member and dismiss 
that point as not very serious, to say the least. 

ihe alternating current also has an inductive effect viz the 

^ ^ ° ° ^ alternating produces no permanent 

effect upon magnetic apparatus. But the current inductive effS 
IS pioduced solely by the alternating current, and that I should 
consider the more serious, because we have many more telephones 

tori^.^"^A?magnetic observa- 
i-i , •' j ,• a; ^am Breece has said, we can largelv avoid 

metallic circuits. But there are cases 
overhead, and under those conditions we 
can hardly eliminate the inductive effect except by transposition 
of the wires, which is not a complete preventive. FurthLmore 
in certain cases and in smaller towns grounded circuits are 

and It seems to me_ that the inductive e£ Xch moduc^a 

conductor is a more serious diZrbance 
than thaf of the production of a magnetic held I think that 
IS so at the present time, and I think if will alwa^ be so. W 
ore I should say that on that account the alternatino- current is 
more guilty than the direct; in other words its diOtmbZ effec? 
without leakage is greater than that of the direct current'' Now 

te ttTenf" serious with th^ 

airect GUI rent, ihe leakage of direct current is that which nrn 

duces the electrolytic effect, and is the most serious interference 

Sfs But" tlf Xrf® apparatus or other ifter^ 

ests. But that leakage is something we can control to a m-eat 

extent. The production of a magnetic field and the induftife 
effects are much more elusive than mere leakage. In hivh-ten- 
sion conductors, overhead or underground, the leakare quantitv 
is exceedingly stnall. It must be so. If considerable's 

?t wmdd “ conductor at several thousand volte 

It would produce a short-circuit or a ground. But there is a 
leakage occurring in low-tension conductors. I think that is be 
cause we have allowed it to exist. If we insulate hfghmressure 
conductors as well as we do, we can insulate low-pressure eon 
ductora equally well or better. I had occasion to te?t thf imdeT 
ground network of New York City, many mil2 ireSenl afd 

riedTut™ wf to enable this to be car¬ 

ried out. We found that the leakage was not excessive • it is a 
very small percentage of the eurrent-considerably Iss’thaf 1 
per cent, as the test showed at the time. 1 am referrSto 

fesSiris fomd a'-® grounded. A simfkr 

^ lound, I believe, by a comparison of tbe total output 

rXalf^ output that 18 useful. That shows that the leakage is 
a small quantity. In the gas industry that is not the case^ A 
very large percentage of gas-lO or 20 per cent, in the case ^ 
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ISTew York—is lost by leakage. But tliat is not true in electric 
distribution. So I should say that the fact that we have now in 
electric conductors, overhead or underground, a considerable 
leakage, is a temporary condition which can be overcome. I am 
sure electric conductors, except those purposely grounded, can 
be so laid that the leakage is a negligible quantity, even for long- 
continued electrolytic effects. ISTow, with the grounded trolley 
system, the single-wire trolley, the current must go into the 
earth. But there again by the use of improved methods, return 
feeders, and more perfect bonding, we have reduced that promis¬ 
cuous flow of current through the earth, until now it is very 
much less than it was before, and I think it can be brought down 
to a quantity which is also insignificant. If it can be reduced to 
the figure which Professor jlyrton mentioned—one-flfth of a 
volt—if that \vere the difference of potential, it would be far 
below any dangerous electrolytic limit. So, apparently, the in¬ 
terference is not so very different in the two cases—that is to 
say, the alternating has a greater inductive effect without actual 
transfer of current, and the direct current has much more serious 
electrolytic effects. But those can be and have been largely 
overcome by more perfect construction. 

I should like to say just a word on the motor question. Sir 
"William Preece cited a certain instance where direct current 
machines had been replaced by alternating. I know of several 
other instances where alternating have been replaced by direct, 
so that evidence is not at all conclusive. That point alone could 
well occupy us for much more time than we have at our dis¬ 
posal. I will simply say now that so far as efficiency is con¬ 
cerned the two kinds of motors are almost identical. I have in 
my possession efficiency curves of the latest induction motors 
from the Westinghouse and General Electric companies, and I 
compared them with the efficiency curves of direct current ma¬ 
chines of the same size, and the agreement was almost perfect; 
the two curves coincided almost exactly at full load and at all 
loads above one-third of full load. Below that the agreenient 
was not so close. 

A Memhek :—What do you call the same size? ^ 

De. Ceookek : —I mean in rated capacity, also in actual capa¬ 
city. The agreement of the two sets of curves was remarkable 
and complete, except at very small fractions of full power the 
direct current motor has a better efficiency, but at one-half to 
full load the agreement was almost perfect. 

SiE William Peekce :—What was the efficiency in per cent. ? 

De. Ceockee :—It depends on the size. The efficiency de¬ 
pends on the capacity of the machines. For example, a small 
machine, a one kilowatt alternating current induction motor, 
would have the same efficiency as a one kilowatt direct current 
machine between half and full power, and the curves represent¬ 
ing that efficiency would agree exactly. 
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Sir William Peerce What percentage of 100 ? 

Crocker ^Tlmt depends on the size of the machine. 

Sir William Peeeob :—Take one kilowatt ? 

Pe. Crocker —I do not recollect that figure. 

&E William Peeeoe ;—Was it over 90 per cent. ? 

E. Crocker No, it was not; but we compare the two sys¬ 
tems, and I say there is no choice in that respect, except that the 
direct current motor was higher efficiency at light load ; at other 
loads the two are equal. 

Now as to regulation for constant speed, the two ma¬ 
chines are equivalent. _ A percentage of reduction of speed 
occurs when the machine is loaded from zero to full load. 

irst-class direct and alternating current machines are 
equally good in that respect for constant speed; but 
when you regu ate for variable speed the direct cufrent motor 
has a great advantage over the alternating current motor, 
t 18 equal m efficiency, it is equal in regulation for constant 
speed, but the direct-current machine is superior for variable 
speed. That applies not only to stationary motors, with which I 
am mostfamdiar, but it applies also to electric railway machines, 
and I think IS equally important for stationary and lor traction 
purposes. It is in that respect that the direct current has its 
aavantage for power purposes over the alternating. I do not 
think it would be fair to the direct current or proper to this 
occasion to allow that point to pass unquestioned. 

Mr. W. M. Moedey:— With several of our American visitors 
I have discussed during our meetings the question of earth drop 
on the return circuits of tramways, and I have found a general 
disposition to suppose the Board of Trade regulations restricting 
the drop within 7 volts was not adhered to and could not hi 
adhered to. I have just carried out a very complete series of 
tests on many nailes of tramways in England, and one of the 
things L had to investigate \vas that question of earth drop. I 
Zfj system, running under the fullest load conditions, 
tnat tile drop of potential never exceeded 5 volts. You will 
notice m tramway stations that the recording instruments which 
we always use, but which I think are not used in America, may 
momentarily indicate more than 7 volts; those instruments indi¬ 
cate higher momently effects than the real value. For instance 
if you suddenly switch one of those instruments on to a steady 
pressure of 6 volts it will usually swing to about 10 volts. One 
of the difterencss between English and American practice is. I 
think, apart from the question of scale, that great attention has 
been given to this question of earth drop and to the continuous 
recording of what is happening. The Board of Trade regulations 
are strictta enforced. I am sure the result has been good I 
hope in this discussion we shall obtain from our American visit¬ 
ors some actual quantitative results arising from electrolysis. 
The real point which I think was intended to be brought out 
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was whether or not electrolysis, quite apart from other questions,, 
would not be a determining factor in the development of systems 
of supply, at least where earthed conductors were used. 

I will ask you to bear in mind the one and only absolute cure 
for all troubles of this sort, whether direct or alternating currents 
are used—the insulation of both conductors. ^ I expect to find it 
applied in the future in all railway cases and in all conduit cases,, 
whether for direct or for alternating current. Quite apart fron^ 
the avoidance of electrolytic effects it has many advantages. To 
comply with Board of Trade regulations we have to use boosters^ 
and great quantities of copper to assist the return circuit. There 
would be no objection to‘25 or 50 volts—or even more, instead 
of 7—if we had not to consider electrolysis. We could, if w© 
wished—and if it were economical to do so—have as big a drop 
on our return as on our trolley line if we used an insulated 
return, and we should get rid of bonding and of sparking at 
dirtv rails and of electrolysis. Information as to the results of 
the working of the double trolley system at Cincinnati, where it 
is or has been employed on a‘large scale, would be of great 
assistance to us. We should like to know if, in America, in 
your conduit or railway work, you are making any efforts to 
avoid the objectionable earth return. 

Whether in the future there will be any preponderating system 
still seems quite uncertain. It may be the system is going to be 
alternating for transmission and direct for distribution, but 1 
cannot help thinking that ultimate simplicity will lead to the 
use of alternating currents for almost everything, at least where 
we have long-distance transmission or large areas. In railway 
work whereVe begin with alternating currents, the simplicity of 
transformation will probably ultimately lead to the use of 
nating throughout. There is, however, much to be said for Mr. 
Leonard’s system, with his rotary converter on the car, if direct 
currents have any part. My own feeling, in spite of present 
fashions in England, is that sooner or later we shall have in all 
large systems the alternating current right through. I believe 
the rotary transformer is a make-shift, to he cleared away sooner 
or later 'for railway work; it is quite unnecessary for lighting 
and only indispensable for electrolytic work. 

Some of you may go on to Switzerland from here and may 
see the examples of" alternating work there. You will see 
the Burgdorf-Thun Railway and the Engelberg and Jungfrau 
Mountain railways, where many questions are disposed of. It 
you can start a train on a mountain rack railway you can start 

one anywhere. , i t j 

We 'have, during the last few days, seen the Central London 
Railway, and highly appreciate the facilities afforded us by the 
company during onr visit. But all of us who have had to do 
with the estimating of engineering work will have felt that if all 
the cost of those sub-stations—their static and rotary transformers 



536 ALTBBBATINO AND CONTINUOUS CURRENT. [Aug. 16, 

and so on, their first cost, their maintenance, their working cost 
m power and labor—conld be realized and put into conductors, 

^ simple system which 
would be safer and probably more economical in first cost, 
certainlj in working cost afterwards. 

The question of capacitj has been referred to. It is more 
serious m alternating underground work than is generally real- 
ized 1 recently had to investigate some difiiculties due to capacity 
? hundred and fifty miles of underground Lbles 

.There is really much less difficulty than is 
^ supposed in overcoming most of the effects of capacity 
of such mains. 1 wish I had time to say more on the subieet 
opportunity which I hope may be granted 

inthJrnf interest.” I mean the 

inteiest of the public and of the scientific laboratories and obser¬ 
vatories. There can be no question that ultimately these institu- 
tions will have to be removed from the centers of large popula- 
tions where there are great applications of electricity, unles^he 
methods adopted in those institutions can be so ordeJed as not to 
theapplications. Fortunately we have at 

lie Bo^d°nf " f object-lesson.- As faJ as I know 
tlie J^oa d of Trade electrical standards laboratory is the onlv 
electrical institution in England which is legally obliged to be 

6a>, that although they are in the heart of London they do not 
mind what electrical applications are made in LondontheiJ 
arrangements are such that they can carry on their work with the 

on ouS“ Thaf reference to what is going 

on outside. That does not touch the question of measurino- tbo 

magnetism of the earth. But surely lhat shoffid be™ „Sd 
where it is the magnetism of the earth and not that due to the 
application^ of electricity to the use and service of man There 
w^ a case in London of an institution, whose work I would not 
lor a moment depreciate, where the influence of that iuRHtnfiATi 
was exerted successfully to prevent what would have been a verv 

SnderSoSffiPc/- “ of London, the running of an 

such iracttn T1 f I® calmly of 

interests ver' t£ wf proportion between the two 

interests yet, though the object of the scheme was so excellent 
the smaller interests were allowed to stand inThr^v S H, ’ 

C°0*M the population of Londoil 

Aiu. O U. Mailloux The subject has been so well discussed 

toSdeT alriady-that thereTs vSy Se 

of discnion token'hwe! 
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able to note the practical difference between the two systems, 
and the one which in fact determines the feasibility of either 
one, or its want of adaptability, according to the case. One of 
the important points, which it seems to me has been neglected, 
is the influence of the power factor in the case of the alternating 
current. My colleagne, Professor Crocker, has pointed out quite 
clearly the similarity in results obtainable between the alternat¬ 
ing and the direct-current motors. He has also pointed out that 
at constant speed they work quite alike. But he has neglected 
to note that the influence of the power factor on alternating 
currents is a matter of importance. As we know, when the 
electromotive force of the source of supply of a direct-current 
shunt-woiind motor varies, the magnetic field of the motor varies, 
but that has the effect of merely changing the armature current 
to an extent necessary to maintain the speed ; so that although 
there is speed fluctuation, it is not bo great as when the electro¬ 
motive force varies in the case of the alternating-current motor, 
because the speed is in this case a higher function of the electro¬ 
motive force. In our country we have several isolated plants 
which assume the dignity and importance of central stations. It 
is not uncommon for us to have isolated plants of one thousand 
to three thousand horse power, which distribute energy over a 
zone of about half a mile radius. It is under such conditions 
that these diflaculties are to be noticed. I remember an instance 
where a certain process for manufacturing coffee was employed, 
the electric current for which was furnished from a power station 
which also supplied lights to the district. It was found that 
owing to the enormous wattless current produced at the starting 
of the motors, on many occasions the line and even the genera¬ 
tors would be overloaded, the result being that the current sup¬ 
ply was cut off by the fuses blowing off, and that the machinery 
which was used in that coffee mill was put out of action, often¬ 
times at critical moments, when the stoppage meant great loss. 
The alternating-current motor system became absolutely inad¬ 
missible in this case from that circumstance, and had to be aban¬ 
doned. One of the great objections, as you know, to the alter¬ 
nating-current motor of to-day is the fact that it takes such a 
large current at the time of starting. Its large wattless compo¬ 
nent is a serious matter, affecting, as it does, the working capacity 
of a line where the motors are constantly stopping and starting. 
Where all the motors are running together at an approximately 
constant load and at constant speed, the problem is simple, and 
there are no industrial reasons why the alternating current should 
not be placed upon an equal footing with the other. But where 
the motors are constantly stopping and starting, and especially 
where the distribution of power is constantly changing, and also 
where you load certain feeders more than others, the disturbance 
becomes very important. It has to be seriously taken into con¬ 
sideration by the designing engineer in laying out the plant. I 
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have had occasion to install a plant in a sugar refinery which re¬ 
quired 2,000 H. p., and it was decided to adhere to continuons- 
current motors partly for these reasons, and also for the reason 
that in cases where variable speeds are required, and where the 
machinery is required to run at intermediate speeds, there can 
be no question that the direct-current system is at the present 
time the most suitable, if not indeed the only feasible one. I 
wish in this connection to speak •of the pertinent remarks made 
by our French colleague in reference to one of the features, one 
of the industrial conditions, which oftentimes influences the selec¬ 
tion of systems. I refer to the cost of the wiring. It is true 
that to-day, at least for the larger distributing conductors in 
buildings, and within a short radius, as well as for underground 
purposes (where we are obliged to use concentric or twisted con¬ 
ductors), the cost of the wiring is necessarily much greater than 
in the smaller branches and networks, such as the local lines or 
mains which run to individual motors. In our country the prob¬ 
lem is, to some extent, solved, since we use iron conduits any 
way for these lines. Our insurance regulations prescribe, in¬ 
deed practically compel, the use of iron conduits for the smaller 
lines, and, usually, we have two conductors, twisted or concen¬ 
tric, as the case may be, laid in iron conduits, whether the circuit 
work be used for direct or for alternating currents ; but in the 
case of the larger ^ conductors the arrangement need not neces¬ 
sarily be the same in both cases. With alternating current we 
must still use a twin or duplex conductor laid in an iron conduit, 
to keep down the reactance drop. With direct current there is no 
reactance, and we are not compelled to use twin conductors. It 
is often found to be very much cheaper to use two separate con¬ 
duits, and two ready-made single conductors (especially in the 
case of the larger feeders or mains), than to use one single con¬ 
duit ^ very much larger in size and a cable specially made at 
relatively great expense. The mechanical difficulties in laying 
the larger conduits, their greater obtrusiveness and the greater' 
space occupied^by them, especially at bends, turns, offsets, etc.,, 
would be sufficiently objectionable even if they did not, as they 
do, in most cases, make the cost relatively greater. 

Peofessor Silvanus Thompson:— We have had no observa¬ 
tions whatever upon the relative interference of alternating and 
continuous currents on board ship. It is of absolutely vital im¬ 
portance that there shall be no interference with the magnetism 
of the compass, and yet, extraordinary as it may seem, almost 
all ships that are equipped with the electric light are equipped 
with continuous current apparatus. I never could understand 
why that was. JSome of the earliest vessels had alternating cur¬ 
rents on a three-wire system, with the skin of the ship serving' 
as a middle wire, but this system was succeeded by one with 
the very worst kind of continuous-current generator which could 
be put on board, viz., the bi-polar. I hope to see a complete 
revulsion in ship-fitting from this plan. 
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No reference has been made to the somewhat greater danger 
of fire that exists where conductors are carried through damp 
places if those conductors are served with continuous current. 
Electrolysis beginning at some leak will develop a current which 
eventually heats and destroys the insulation at that point, and 
thus originates a fire. With an alternating current you are less 
likely to have that occurrence. On the other hand, I suppose 
switch-makers will tell us that alternating switches are more 
expensive than continuous. No one has mentioned that while 
for arc-lighting admittedly there is some advantage in using 
continuous currents, for glow-lamps there is an advantage in 
using the alternating current. Not that there is any higher 
efficiency—that fallacy has long been disposed of—but if you use 
a continuous current for glow-lamp purposes,and the distribution 
is to take place over any large area, it becomes absolutely neces¬ 
sary to go to the high-voltage lamps working 200 to 250 volts. 
Now, any one who h-^s taken the trouble to measure the reputed 
efficiency of high-voltage glow-lamps will know how inferior they 
are to the 100-volt glow-lamps; things which are supposed to be 
taking 3-^ w^atts per candle being found actually to take 6, Y and 
8 watts per candle. I think there will be a great revulsion when 
the facts are known about the inefficienc 7 of hiali-voltage glow- 
lamps. I prefer to have 50-volt glow-lamps; they are better in 
every way and last longer. This is impracticable with a continu¬ 
ous current, but with the alternating current it can be done where 
there are house-to-house transformers; and so, using low-voltage 
lamps, you can work to a much greater distance with alternating 
than with a continuous current. 

1 was sorry to hear Dr. Kennelly rake up the fallacy of there 
being a greater danger to persons from the alternating than from 
the continuous current. But that is a revival of a bit of the old 
electro-politics. When people wanted to damn the prospects of 
alternating currents and show how much better they were for 
electrocution, this was the line they took. I hope those arguments 
have disappeared. I think there is some evidence that the alter¬ 
nating current is not so dangerous as the continuous current; that 
the shock which is given by the alternating currents throws back¬ 
wards the unfortunate person who receives it, and does not con¬ 
tract his muscles upon the conductor in the way that a continuous 
current does. The researches of Prof. II. F. Weber must not be 
overlooked. I prefer to leave that question to M. d’Arsonval, who 
understands these electro-physiological effects better than we elec¬ 
trical engineers. 

Professor Ayrton raised the question of the electrolysis pro¬ 
duced by the alternating currents. Might I point out that the 
question whether alternating current will, in any given circum¬ 
stances, produce continuous electrolysis depends very largely upon 
the question of the relative area of the electrodes employed and 
the density of the current; because whether gas is disengaged at 
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that area or not during the period depends on the density to which 
tuat gas accumulates and whether it is given off. In fact the 
question whether the polarization becomes irreversible or not is 
very largely a question of scale. 

^ draw attention to certain points connected with 
ectric traction on a large scale. I re-echo the suggestion of Mr 
Moi-dey that it is well worth while for one who has^Lt seen those 

mShivTwf ® Switzerland to visit them, and to see how ad- 
l ^ the three-phase current is adapted for starting trains un¬ 
der the most sevwe circumstances possible. It is known from the 
^4 Professor Carus-Wilson that the difficulty of the 
that ft starting is after all imaginary, and 

EveVv T percentage 6f current is also a fakcj. 

^ Current than when 

Thp mf Oil that load, and this is true also of the tri-phase motor. 
imL produce rapid acceleration is even more 

iSteaTof starting-torque, and the three-phase svstem, 

instead of being worse, is distinctly better. 

traction object-lessons on electric 

traction. One ol them has been, from one point of view, a gigantic 
uccess, but also a total failure. Little more than aT^ar^go we 
weie told that one of our millionaire railway companies had put 

the^undercT ^^^,000 to have experiments tried upon 

the underground railway. I referred nearlf a year ago to this 

supposed experiment, and pointed out that the one experiment 
which wanted for electric traction wae to ascertain „Ehe“ 

on? oS w'’‘f '=““«■■ ‘tan a continn- 

wflnfA 1 * e knew pi’etty well, but we wanted it tested, we 
wanted a verifacatiou. 1 hat experiment has not yet been tried 

iffi thlv^’tS distinction, 

nd they were aided by the constructional ability of Messrs 

Siemens Brothers. But the only thing which has been tried 

Sny'ttood^^her resources of a great railway com- 

wni- * ^ behind the experimentation—1 say it before Sir 
William Preece’s face-al) they have succeeded in doing il 

SStofeffiP'^h ^ at Gross 

r.i-oKr / 1 ’ Siemens and Halske, fifteen years ago, viz 
establish the fact that yon can drive by the continuous current’ 
using conducting rails put beside the ordinary rails. The Lon- 
■don press has pronounced this experiment to be a perfect sue- 

g.™rnotrto\rS’o“ “ 

w.5iCT‘'^°¥b°“*°Y™° 

iincu^ of success if we have to depend 

upon a motor which has got a commutator upon it. I speak of a 

tZ foTv^tf; rapi5 transit, Id 1 veii- 

ture to say that for exceedingly rapid transit the only chance of 

possible success is to take advantage of that which i the finest 
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thing of all in electrical engineering, the perfect flexibility and 
adaptability to requirements afforded by the current when that 
current is an alternating one. 

Mu. H. Waei) Leonard : — I have a fair acquaintance with 
what can be accomplished with the continuous current as regards 
large starting-torque with a small amount of energy, and have 
given considerable attention to the operation of large motors 
which have to be started under very heavy loads, and operated 
at different speeds and reversed. 

I have lately seen one of the recent installations employing 
three-phase motors upon railway work in Switzerland, and 1 
must say that when the car was started it seemed to me as 
though there were about one donkey-power doing the accelerat¬ 
ing. It did not convey the impression to my mind of being 
able,^ with moderate power, to produce the heavy starting-torque 
required for the rapid acceleration which is such an important 
factor in electric railway work and many other important appli¬ 
cations of electric motors. 

Perhaps my views on this point are a little biased, but it seems 
to me that ^when we consider large railway motors the most im¬ 
portant points are: rapid acceleration, small starting energy, 
perfect and simple control and ease of reversing, and the res¬ 
toration into the circuit of the energy at present wasted upon 
the brakes. 

We find the possibility of obtaining all of these points in the 
continuous current to a degree to which there is no promise as yet 
in the alternating current. 

When we consider the question of electrolysis, we are met 
with diflSculties in attempting to use a continuous current in the 
ground return circuit, which seem insuperable except by capital 
expenditures which are entirely uncommercial. 

When we wish to transmit very large amounts of energy over 
the long distances which are desirable, we all agree that the alter¬ 
nating current is the only suitable one for the purpose. 

These considerations have, for many years past, made me be¬ 
lieve that we ought to use the alternating current'for the genera¬ 
tion and transmission of our energy, and that we should have 
upon the moving vehicle some means of transforming the alter¬ 
nating current into a continuous current of controllable e.m.f., 
and that we should use this continuous current of variable e.m.p* 
for operating the propelling motors at the variable speeds re¬ 
quired in practice. 

These arrangements would give us large starting-torque with 
a small consumption of energy, and even in the case of the 
largest motors will give perfect control at aiiy desired speed and 
simplicity in reversing. It eliminates all difficulties due to the 
electrolytic action of the continuous current in the ground cir¬ 
cuit. It gives us the power to employ motors of practically un¬ 
limited power at practically unlimited distances for railway and 
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other vmable speed uses, and entirely eliminates the expensive 
and inefficient sub*stations of to-dav. 

It seems to me that the electric railway is the application of 
electric power which is going to exert the determining influence 
upon the methods of using electric energy in the future, especially 
the railway motors of very large size; and it seems to me a sig¬ 
nificant fact that, after twelve years of development by the lead- 
ing engineers^ of all countries, there are no alternating current 
motors exhibited at this exposition for railway service or any 
other duty having similar requirements. 

Professor Perry Mr. Carl Hering, M. Mascart and I waive 
our right to say anything on this question, although we could, 
ot course join heartily on one or other side. I beg to say 
that we think it better to have no vote upon this discussion as it 
IS an incomplete discussion—one which is adjourned. The speci¬ 
men sent by the Board of Trade will be on view in our room in 
the British Pavilion. 


At the conclusion of the discussion, brief references to cetrain 
objects possessing special or novel interest in the electrical sec- 

Exposition were made successively by 
Herffig Webber, Mr. Gavey, and Mr. 
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AUGUST. 1900. 


To THE Executive Committee and Council of the 

American Institute of Electrical Engineers. 


'Gentlemen : 

The following is the report of the delegates officially representing the 
American Institute of Electrical Engineers at the International Elec- 
trical Congress held in Paris, in August, 1900 . 

It had been voted, at the regular Council meeting of March 28 th, 1900 , 
that the President of the Institute in office at the time of the holding of 
the Electrical Congress should be the official delegate of the Institute to 
that Congress ; and that he should be authorized to appoint such additional 
delegates as he might deem advisable. Under this decree, Mr. Carl 
Hering became the official delegate, by his election to the Presidency in 
May, 1900 ; and in June, igoD, he appointed the following additional dele¬ 
gates : 

Ur. W. E. Goldsborough, Wm. J. Hammer, Dr. A. E. Kennelly, C. O. 
Mailloux, Dr. M. 1. Pupin. 

The appointments were announced formally by letter from the Secretary, 
under date of June 26 , 1900 . 

At the close of the opening session of the Electrical Congress, in Paris, 
on the i 8 th of August, President Hering called together in conference all 
that could be found of the members of the American Institute of Elec¬ 
trical Engineers there present. On information that Dr. Pupin and Dr. 
Goldsborough would not be present, the President appointed Dr. F. B. 
Crocker and Mr. B. J. Arnold, as delegates in their places. The delegation 
then electei Dr. Crocker as Chairman, and Mr. Mailloux as Secretary. 
Attention was called to the fact that President Hering and Dr. Kennelly 
were also official delegates of the U. S. Government, and that the 
United States would be allowed only three votes, same as France, England, 

^ Germany, and other large countries (all smaller countries being limited to 
two or even to one) in the “ Chamber of Official Delegates,” or that por¬ 
tion of the Congress which was alone to pass upon international ques- 
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tions, such, for instance, as the adoption of new units. It was decided 
that the American Institute of Electrical Engineers should preempt 
and control at least two of these three votes, if possible. (It actually con¬ 
trolled all three votes, when the time came.) Dr. Kennelly was unani¬ 
mously chosen to represent the delegation and the Institute, before the 
Congress, in all matters pertaining to units. Mr. Mailloux was chosen to 
act as interpreter and spokesman for the delegation, when necessary ; and 
he was also appointed as substitute for Dr. Kennelly in the Chamber of 
Official Delegates, at any and all meetings of said body which might take 
place after Dr. Kennedy’s departure, in case he could not remain in Paris 
until the close of the Congress. It was also decided that it was desirable 
to arrange for and to hold, if possible and at an early date, a joint informal 
conference of the American and English delegations, for the purpose of 
exchanging views on the question of units, and also, if expedient and prac¬ 
ticable, of securing concerted action by the two delegations. The dele¬ 
gation meeting adjourned, subject to call of the chairman of the delega¬ 
tion. It was not found necessary to call any other formal meeting, the 
delegates being able to confer together before or after or during the session 
meetings, without difficulty. 

It is proper to point out here that the American Institute of Electrical 
Engineers had, as a body, virtually committed itself on the question of 
uuits and nomenclature, to a certain definite policy, which was set forth in 
the report of its Committee on Units and Standards, as presented and 
adopted at the last General Meeting, at Philadelphia, in May iqoo This 
Report had been formulated, originally, with the intention that it should 
serve, if need be, as a formal statement, before the Electrical Congress, of 
the attitude of the Institute on the questions of units and nomenclature 
A French translation of this Committee Report had been madq, and a thou¬ 
sand copies had been printed, which were distributed to all the members 
at the opening meeting of the Electrical Congress, and which were also 
obtainable at all the succeeding sessions. This report was properly re- 
delegatmn of the Institute as constituting the programme 
o. Its official policy. The efforts of the delegation were therefore to be 
aimed at securing international cognizance of and action upon recommeda- 
tions of this report. 

The joint conference with the English delegates took place on Monday 
August 20 th, ana the aforesaid report was there presented for considera- 
tton. The discussion to which it gave rise was both long and varied • but 
the conference nevertheless adjourned without having reached any definite 
conclusion or understanding regarding joint action on any of tL naanv 
topics considered The result was far from encouraging, more IsLdally 
as much opposition to the adoption of any new units or to any chLge n 
nomenclature was brought to light. It was soon found, moreover that Lnv 
of the prominent European delegates were unfavorable to the programme 

S .r. “ ■>' 

tions^or°''^°^ Congress was apportioned among five sec¬ 

tions, one of which included three divisions, making a total of seven de 
partments; each section having a French president and three or four 
oreign -^ce-presidents, among which were three members of our delega¬ 
tion as follows: Dr. Kennelly, in Section I (Methods and Ap^ratuslor 
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Measurements, etc.); Mr. Mailloux, in Section II, Division A (Production 
and Utilization of Electricity); Mr. Hering, in Section II, Division B (Elec¬ 
tric Lighting). At the first meeting of Section I, Dr. Kennelly was also 
appointed on the Special Committee on Units (with Prof. Hospitalier as 
chairman), to consider and report upon the general question and subject of 
units and nomenclature. 

Dr. Kennelly worked very hard, both in committee and out of it, to 
secure the acceptance and adoption of the measures recommended by the 
Institute. It became evident, however, that the propositions or recom¬ 
mendations presented in behalf of the Institute could not be all reported 
favorably by the Special Committee of Section I, and that some of them 
must be sacrificed. The official report of this Committee (of which a trans¬ 
lation is appended to the present report), gives the recommendations 
which the committee finally decided to adopt and which its chairman 
(Prof. Hospitalier), reported to Section I, at the last formal meeting of 
this Section, in the morning of August 24 th. As the text of the report 
indicates, Dr. Kennelly had been unable to induce the committee to con¬ 
sider the matter of revising or rationalizing the units. He succeeded, how¬ 
ever, in securing action favoring the adoption of two units (one for mag¬ 
netic density, the other for magnetic flux), both of which were on the pro¬ 
gramme of the Institute delegation; he secured the recommendation of 
the name (“ Gauss”) first advocated by the Institute for one of these 
units. 

The Special Committee Report gave rise to an animated discussion, be¬ 
fore Section I. The adoption of names for the unnamed units, especially 
for c. G. s. units was strenuously opposed by many of the members, includ¬ 
ing Prof. Mascart, who presided at this meeting of Section I. In the 
absence of Dr. Kennelly, who had left for America, Mr. Mailloux addres.sed 
the meeting and presented the views and arguments of the Institute del¬ 
egation in favor of the adoption of the Committee Report. He took occa¬ 
sion, in the course of his remarks, to call special attention to the fact that 
the “ Gauss” was already accepted and recognized by the Institute; that 
it was already in practical use in America ; that the necessity for and con¬ 
venience of this unit was generally admitted ; and that it only lacked 
international sanction to pass into universal use; and, finally, that the 
want of official recognition of these two units might retard, but would not 
likely prevent, their general use and ultimate adoption. The report of the 
Special Committee was finally adopted by Section I., each portion or rec¬ 
ommendation thereof being separately discussed and voted upon. The 
vote of the meeting on the question of units had the effect, however, of 
slightly modifying, or rather of supplementing, the recommendation of 
the Special Committee Report, so far as one of the units (the unit of mag¬ 
netic flux) was concerned. The question whether the two new units should 
be c. G. s. units,” or “ practical ” imits had caused much contention and 
difficulty, there being partisans on both sides. (Eveh the Institute dele¬ 
gates were not all of the same opinion on this question). The Committee 
Report, therefore, represented a compromise between the factions, on this 
question, for while it specified the kind of unit (c. g. s,), for which it pro¬ 
posed the name Gauss,” it did not specify the kind of flux unit for which 
it proposed the name “ Maxwell.” It merely recommended that a name 
for “ a unit of magnetic flux,” whose value was to be defined and fixed 
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at some future congress. The kind and the value both became “ fixed/’ 
however, by the motion carried before Section I, which conferred the name 
Maxwell upon a c. g. s. unit of magnetic flux. 

In the afternoon of the same day (August 24th) the general meeting of 
the official delegates of the various governments took place, according to 
programme. The three delegates officially representing the United States 
government on this occasion were all members of the Institute, namely, 
Mr. Hering, Mr. Mailloux, and Major Millis (U. S. A.), and consequently 
all three of the votes allotted to the United States were at our disposal. 
Your delegation deems it a duty and a pleasure to state that the work 
done and the results accomplished at this meeting, by these delegates, are 
highly creditable to the dual constituency which they had the honor to 
represent. It is due wholly to their efforts that the ‘'Gauss ’’and the 
“ Maxwell ” have become international units. A skillfully planned attempt 
was made at this meeting to prevent the matter of units from being for¬ 
mally presented before and being acted upon by the official delegates. 
This strategem, which was part of the tactics of the systematic opposition 
on the part of certain individuals to the adoption of new units, was both 
foreseen and foiled by the American delegation. Had it succeeded its 
effect would have been tantamount to “ sidetracking ’* the two new units, 
by preventing them from receiving the formal, official consideration of the 
only portion of the congress which was qualified to give them international 
character and standing. This is made clear by the explanation that, in 
the section meetings, there were no restrictions whatever of the voting 
privilege. All the members voted on all questions ; they voted,thowever, 
as private individuals solely, and not as national delegates. Hence, any 
action taken, as the result of a vote in a section meeting, really signified 
nothing more than an expression of opinion by individuals. This opinion 
might have a certain significance or weight, according to the prominence 
or the authority of the individuals influencing its expression. Neverthe¬ 
less, it could have no international character or value, for the simple rea¬ 
son that the members of certain nationalities preponderated in the attend¬ 
ance at the section meetings. In the chamber of official delegates on the 
other hand,the voting privilege was accorded to each nation, in a restricted 
and definite manner, as the result of an apportionment calculated to give 
to each nation a fair representation, proportionate with its importance 
Hence, any action based on a vote in the chamber of official delegates 
implied the approval or at least the assent of the nations, especially if the 
decision were unanimous. 


The Institute delegates felt that the new units would not have had a 
clear title or proper credential as “internationar’units, without the for¬ 
mal endorsement or ratification of the chamber of official delegates. It 
was for this reason that it determined to force the issue, on realizing that 
the session was about to adjourn szne die, without taking official action on 
the new un ts, Mr. Mailloux, as spokesman for the American deCion 
addressed the meeting and called attention to the anomalous position in 
which the two new units would be placed if the official action of the cham¬ 
ber of delegates were omitted ; and he cited, as a precedent, the fact that 
the ..henry » was officially adopted by the chamLr of deleStes at fhe 
icago Congress. A long and exciting discussion resulted. An idea of 
what the Amencan delegation here accomplished may be formed from the 
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statement that it literally forced the question of units into consideration 
before the chamber of official delegates; that it moved the formal adop¬ 
tion of the two new units recommended in the Special Committee Report; 
that it held its ground in a stormy debate precipitated by this motion, and 
lasting over an hour, at first alone, and for much of the time unaided, and 
in the face of determined opposition, not only from the delegates, but also 
from the chairman; and, finally, that it ultimately overcame the opposition 
and secured the passage of the motion with practical unanimity. It may 
be added that, having attained its purpose,—the official adoption of the new 
units—it generously aided its opponents to attain theirs,—the passage of a 
resolution declaring electrical energy to be “ property,’’ and entitled to 
legal protection as such. 

At the closing (general) session of the Congress, on Saturday (August 
25th), Mr. Mailloux, speaking for the delegation, took occasion to formally 
express its thanks in behalf of the Institute and of the American Elec¬ 
trical Engineers for the cordial reception and the many pleasant courtesies 
accorded to our members during the Congress by our French colleagues, 
more especially those having taken part in the organization and manage¬ 
ment of the Congress; and he extended a hearty invitation to the delegates 
and electrical engineering bodies of all countries to visit America next 
year, on the occasion of the Pan-American Exposition at Buffalo. 

This session was the last official gathering of the Congress, and with it 
the work of the Institute delegation ended. 

Respectfully submitted, 

New York, Nov. 21, 1900. F. B. Crocker, Chairman, 

Bion J. Arnold, 

Carl Hering, 

C. O. Mailloux, Secretary, 
Wm. J. Hammer. 



SECRETARtS REPORT OE 


THE EUROPEAN TRIP OF THE AMERICAN INSTITUTE OP 
ELECTRICAL ENGINEERS. 

Secretary’s Report. 

Although the suggestion that the Institute should hold a meeting in 
Europe was made several years ago, there was at the time considerable 
doubt as to whether a sufficient number could be expected to attend. 
When the date of the international Electrical Congress of 1900 was an- 
nounced the Council was of the opinion that this event together with the 
Paris Exposition would make it possible to organize a joint meeting with 
the Institution of Electrical Engineers of Great Britain, and on November 
22, 1S99, a committee of three was appointed, with instructions to ascertain 
about how many members would attend such a meeting if called. It was 
at that time thought that twenty-five members would constitute a fair rep¬ 
resentation. It will be readily understood that it was a difficult matter 
to unite upon a date which would be acceptable to a very large percentage 
of the membershi-p. Again, the length of time consumed and the expense 
o the journey were factors which had to be taken into consideration. It 
was evident at the outset that no reduction of rates could be obtained, so 
members were required to make their own plans as to transportation. 
The suggestion fora joint meeting was favorably considered by the Coun¬ 
cil of the Institution of Electrical Engineers and the plan and scope of the 
meeting were undertaken by it. Past-President Martin, a member of the 
ommittee on Papers and Meetings, being in Europe in April and May 
was authorized to make such preliminary arrangements as were necessary 
? I the Institute. Through the courtesy of Commissioner Peck 
irec or . . Drake, Mr. Martin was enabled to secure space for head¬ 

quarters in the Electrical Department of the Exposition Building.s, also 

fnn Stilted States National Pavil- 

lon. The dates finally fixed upon for the various events were governed by 
periof selected for the Electrical Congress, August i8th to 25th 
our interesting programme for the entertainment of 

I-I arranged by the Institution of Electrical 

the ThaT:7? ‘I*® l^^PP-est manner by a river party on 

in Paris at tha^^ h “®'ni>®rs were already 

nar^Snated ri, the trip to London and 

5 «ed The exercises which had been so carefully pre- 

ThaLsSnmad/ Paddington Station, in London, for the 

Steam launch gayly decorated with British and United States flags inter 

pi> pertect, and the pleasures of the day, eagerly looked forward tn 
p^tici^Ite^ A°DreH^ appreciated by those who had the good fortune to 

Se r^u^nitrSnr''' was first 
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of calling upon two proposers and two respondents to the toasts which fol¬ 
lowed. Mr. Alexander Siemens and Mr. Mark Robinson proposed “Our 
American Guests.*’ President Hering responded and pleasantly acknowl¬ 
edged the hospitality of our English hosts, in which he was ably seconded 
by Mr. W. J. Hammer, who made a very entertaining and amusing ad¬ 
dress. The party then returned to the boats, which started down the 
river on the main trip of the day. The beautiful English landscape, 
changing at every turn in the historic Thames, was enlivened by the thou¬ 
sands of pleasure seekers, young and old, of both sexes who were enjoying 
a day’s outing upon the water and along the shores. Probably no other 
river in the world is so thoroughly utilized for out-of-door enjoyment, and 
it may be readily understood by those who have witnessed the hearty 
interest shown, why England has in the past been pre-eminent in aquatic 
sports. Among the novel and interesting features of the trip was the pas¬ 
sage through the locks, where pleasure craft of all descriptions were 
bunched closely together while passing from one level to another. The 
river trip ended at Maidenhead, where tea was served at the Thames Hotel. 
Carriages there awaited the party, and after a few minutes’ drive the rail¬ 
way station was reached, and with the return to London a day of unal¬ 
loyed pleasure was ended. 

On Monday, August 13th, various works of interest were visited, the 
most important, because of its novelty, being the Central Underground 
Railway, operated by electricity. This is the first instance in London of a 
transportation line on which no attempt is made to classify passengers and 
where a uniform rate of fare prevails. The equipment is largely Amer¬ 
ican. Locomotives are used instead of motor cars. The service is good 
and the tunnel is clean and well ventilated. The stations are con¬ 
veniently located and accessible. The principal objection appears to be 
that the facilities are not equal to the traffic during the hours of maximum 
travel. The power station and one of the sub-stations were visited. The 
Electrical Standard Laboratory of the Board of Trade, the telegraph 
department of the General Post Office and the Davies Street Station of the 
Westminster Electric Light Corporation were also visited by members 
having special interest in those institutions. 

Monday evening our members were entertained at a complimentary 
banquet by the President, Council and Members of the Institution of Elec¬ 
trical Engineers at Princes’ Restaurant, Piccadilly. The perfect arrange¬ 
ments which were so apparent on the previous day were predominant on 
this occasion, and the best of feeling prevailed, largely induced by the 
excellence of the dinner. Many ladies from England and the United 
States were present and added greatly to the enjoyment of the evening. 
The chair was occupied by President Perry, who proposed the toasts of 
“ The Queen ” and the “ President of the United States.” Following the 
precedent established at the Red Lion Inn luncheon, the President called 
upon Messrs. H. H. Cunynghame, C.B., and J. S. Raworth to jointly pro¬ 
pose the “ United States,” which was responded to by President Carl 
Hering,'Past-President F. B. Crocker and Mr. C. O. Mailloux. Secretary 
Pope and Mr. W. M. Mordey were invited to propose the toast of “ Elec¬ 
trical Engineering,” to which Dr. Silvanus P. Thompson and Past-Presi¬ 
dent A. E. Kennelly responded. In conclusion, Mr, H. Ward Leonard 
proposed the health of President John Perry, who in reply complimented 
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Secretary McMillan very highly upon the excellent manner in which he 
had made all the necessary arrangements, to the entire satisfaction of all. 

Tuesday, August r4th, was devoted to a visit to the Government Dock 
Yard at Chatham. The party assembled at Victoria Station and, after a 
railway trip of about an hour, was driven to the Yard, and placed under 
the guidance of Major G. A, Carr, R.E. The various objects of interestt 
visited included the latest type of ironclad, the department of electrical 
equipment, and the training school of the signaling corps, which included 
an exhibit of the heliograph, which proved of such important service in the 
South African war. The visiting members were entertained at luncheon 
by the Royal Engineers Club, Maj. Gen. Sir Thomas Fraser, K.C.B., 
C.M G., R.E., presiding. Rater in the afternoon they were the guests of 
Lady Fraser, at a lawn party. 

Adjoint committee was formed of representatives of both the Institution 
of Electrical Engineers and the American Institute of Electrical 
Engineers to take charge of the preliminary arrangements and details of 
the Joint Meeting at Paris. This committee was made up as follows; 


Representing the I. E. E. 
John Perry, F.R.S., President, 
W. E. Ayrton, P.R.S., 

H. H. Cunynghame, C.B., 

R. K. Gray, 

W. M. Mordey. 


Representing the A. I. E. E. 
Carl Hering, President, 
WiLLFAH J. Hammer, 

A. E. Kennelly, 

C. O. Mailloux, 

R. W. Pope. 


On Wedne^ay, August rsth, the combined British and American party 
assembled at Charing Cross Station and started for Paris at lo a.m., arriv¬ 
ing at about six o’clock. There they again separated according to the hotel 
arrangements they had made. 

« meeting, which was officially presided 

over by President Perry, of the Institution of Electrical Engineers, and 
resident Henng, of the American Institute op Electrical Engineers 
was heffi at the United States National Pavilion, quai d’Orsay, 140 engin¬ 
eers being present. The topic presented for discussion was “ 4 e Relative 
of and Continuous Currents for a General Supply 

2 ts ^ ThTdifInterference with Other Into! 

sfoo T A c'''continued by Mr 
Bion J. Arnold, Sir William H. Preece, Dr. A. E. Kennellv Prof W P 

W M M,' C 

- Mailloux. Dr Silvanus P. Thompson and Mr. H. Ward Leonard A 
complete, revised stenographic report of this discussion appears in tht 
rRAi.SACTi0Ns. After the close of the discussion, Messrs Sital er 
Webber, Gavey and Hering gave brief descriptions of the most intoe^'w 

electrical exhibits, an.d in the afternoon several partes wr ormed anf 

to members who were present in Paris 

to tender a reception to the officers and members of the Institrton of Sll 
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courtesy of the United States National Pavilion for that purpose All ar¬ 
rangements were made after the adjournment of the meeting on August 
i6th. About three hundred invitations were issued, and the reception 
appeared to be a success. The attendance was one hundred and eighty, 
including representatives from most of the European nations. 

On Friday, August 17th, by special invitation of Mr. Clerault, Chief En¬ 
gineer of the Western Railway of France, the members were afforded an 
opportunity of visiting its interesting three-phase power station and other 
features of its electrical traction work. The arrangements for this trip 
were made by Mr. Coster, of the Westinghouse Electric and Mfg. Co. A 
“ five o’clock tea ’’ tea at the British Royal Pavilion followed, where Colonel 
and Mrs. Jekyb received the members with true English hospitality. The 
use of this Pavilion was given by H.R.H. the Prince of Wales and the 
British Royal Commission. 

On Wednesday, August 22d, the President and Council of the Institution 
of Electrical Engineers, by the kind permission of H. R. H. the Prince of 
Wales and the British Commission, gave a reception at the British Royal 
Pavilion, which was largely attended and vras a very interesting occasion. 

On Saturday, August i8th. the International Electrical Congrtss con¬ 
vened, at which the Institute was represented by the following delegation: 
Dr. F. B. Crocker, Chairman, Bion J. Arnold, W. J. Hammer, Carl Hering, 
A. E. Kennelly and C. O. Mailloux. 

Although the work of our delegation is reported elsew^here, it is a 
pleasure to state briefly that while its members did not accomplish all that 
they hoped for, yet they really did very well, as there w’as at one time a fear 
that their efforts would all be in vain. Through the preliminary work of 
Dr. Kennelly, and the successful presentation by Mr. Mailloux of the Insti¬ 
tute’s case in the Chamber of the Official Delegates of the various govern¬ 
ments officially represented, the main portion of the suggestions reported 
by the Committee on Units and Standards was finally officially adopted by 
the Congress, as shown in the formal report of the delegation. 

The Congress adjourned on August 25th, and was followed by a ban¬ 
quet the same evening on the Eiffel Tower. On this occasion nine differ¬ 
ent nationalities were represented, speaking eight different languages, 
which led a gentleman present to remark that the Eiffel Tower had been 
converted into a veritable “Tower of Babel.'’ 

Respectfully .submitted, 

RALPH W. POPE, Secretary. 
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firs JeLfo'^/of sStion proposed l,y Prof. E. Hospitalier at tfie 

full commiUee“^rheTom,Sfn^^^ choose apd appoint the 


Prof. W. E. Ayrton, 
Prof. M. DE CHATELAIN, 
Prof. Dorn, 

Prof. E. Gerard. 

Prof. L. Lombardi, 

Dr. Kennelly, 

Mr. DE PODOR, 

Mr. DE HoOR TEMPIS, 


Great Britain. 
Russia. 
Germany. 
Belgium. 

Italy. 

United States. 

Hungary. 

Hungary. 


TEXT OP REPORT. 

(Translation.) 

Report to M. the President of Section r 

the Units, appointed by 

conclu.sion.c;: international Congress of Electricity adopted the following 

not^vofve”any modifi1:ati?ns/n the demsfons^of thP^ whose nature does 

to aTuhe ac^ial^Lcelhy ff giv^ names 

the magne\^?|lld^ders1t5^1n^C nnSs^the^Committe^?^ apparatus giving directly 
name of Gauss ” to this C g. s. unit ^ ^ Committee recommends attributing the 

netic flux, whSse^valueTs^^o Ve°d^^^ “ ^^^^ell ” to the unit of mag- 

EERs,%dthd?Iw^s\he^p?opoSri Electrical Engin- 

electnc and magnetic units ^ade concerning prefixes and the rationalization of 

PAKIS, August 22.1900. • E. HOSPITALIER, 


LIST OP INSTITUTE MEMBERS AND FRIENDS AT LONDON AND PARIS 


Adamson, D. 

Arnold, B. J. 

Ball, W. D., and Mrs. Ball 
Bernard, E G., and Mrs. Bernard 
Bradley, C. S., and two sons 
Brown, W. D. 

.Buckingham, C. L. 

Clark, W. J. 

Coster, M. 

Crocker, P. B. 

Donner, W. H. 

Doubt, Thomas E. 

Edmands, I. R. 

Ganz, A. F. 

Garfield, A. S. 

Hammer, W. J. 

Heinrich. R. O. 

Hollister, J. M. 

Kennelly, A. E. 

Lansingh. V. R. 

LeBIanc, Chas. 

UoyX^efbert"^’ U«°nard 

Lloyd, R. MqA. 


August 12-25, 1900. 


^hmann, R. W. and Miss Lohmann 
Macfarlane, Alex. 

MoVey, W. D., Wichita, K.sn. 

-U- O-and Mrs. Ma-lIou.>t 
Milhs, MajorJohn, and Mrs. Minis 

Muliin,* E. H. 

Oolgardt, J. T. 

Olivetti, C. 

Phillips, L, A. 

Pope, R. W. 

Potter, Henry Noel 
Preece, Sir W. H. 

§^^ 5 ’Jfsse M., and Mrs. Smith 
Smith, Oberlin, and Mrs. Smith 
Stephens, Geo. 

Swan, J. J. 

Thompson, S. P. 

Thumauer, Ernst 
Townsend, Pitzhugh 

^erplinSSr 

West, Julius H. 

White and son 
Zalinski, Capt. E. L. 



AMEEIOAN raSTITUTE OF EIEOTEIOAL 
El^GINEEES. 


ITew Yoek, September 26 th 5 1900. 

The 14:6th meeting of the Institute was held this date at 13 
“West 31st Street, and was called to order by President Hering 
at 8:20 p. m. 

The Seceetaey : — At the meeting of the Executive Commit¬ 
tee this afternoon it was decided to hold our monthly meetings 
hereafter on the fourth Friday of each month instead of the 
fourth Wednesday. This change was brought about for two 
reasons. One is that sometimes there is difficulty in getting 
papers ready on account of the half holiday on the Saturday pre¬ 
ceding ; but the most important one is that we have found upon 
inquiry that very often we might have the pleasure of the at¬ 
tendance of members from out of the city who can hardly come 
during the middle of the week, but who could come on Friday 
and have Saturday and Sunday to return home. This change 
of date of course will be given on all the notices which go out 
before the meetings as usual, and you will be reminded of the 
fact of the change. 

It was also arranged, although this is entirely unofficial, that 
on the night of the meeting as many as possible as are obliged 
to take their dinner in the city, will arrange to meet at the 
same restaurant, and the announcement of the dinner and time 
will be given on the postal cards. This will be entirely distinct 
from the meeting, and has been done for the reason that it is for 
the benefit of members who may thus get together in a social 
way before the meetings whenever possible. 

The President We ’ will now proceed with the reading of 
the paper of the evening. The paper is by Prof. Henry 8 . Oar- 
hart, of the University of Michigan, on the “ Imperial Physico- 
Technical Institution in Charlottenburg.” As Prof. Carhart is 
not present the paper will be read by Dr. Sheldon. 

[8ee page 469 , August and September issue.] 
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/i paper presenitd at the 146th Meeting of the 
A merican Institute of Electrical Engineers^ 
New York^ September 26^ IQOO. President 
Hering in the Chair. 


THE IMPEKIAL PHYSIOO-TECHOTOAL mSTITUTION 
IN CHAKLOTTENBURG. 


BY HENRY S. CARHART. 


I. Historical. 

Through the courtesy of Professor Kohlrausch, President of 
the Reiclisanstalt, and the Ouratoriuna or governing body of the 
institution, the writer was accorded the privilege of working in 
the Physikalisch-Technische Reichsanstalt as a scientific guest 
during the last few months of 1899. An unusual opportunity 
was thus afforded of learning rather intimately the methods em¬ 
ployed and the results accomplished in this famous institution for 
the conduct of physical research, the supply of standards, and the 
verification of instruments of precision for scientific and technical 
purposes. 

It is well-known that the Reichsanstalt is situated in Charlot- 
tenburg, a suburb of Berlin just beyond the renowned Thiergar- 
ten. The buildings occupy an entire square, the larger part of 
which, valued at 500,000 marks, was the gift of Dr. Werner Sie¬ 
mens. In making this gift, which was offered in land or money 
at the option of the government. Dr. Siemens declared that he 
had in mind only the object of serving his fatherland and of dem¬ 
onstrating his love for science, to which he avowed himself en¬ 
tirely indebted for his rise in life. The gift was made as a stim¬ 
ulus to the government to establish an institution for physical 
research. The kind of institution desired had been amply des¬ 
cribed in suitable memorials prepared by himself, Professor von 
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Helruboltz and others of scarcely less distinction. The first me¬ 
morial bears date of J une 16 , 1883 . It relates to “The Poundino- 
of an Institution for the Experimental Promotion of Exact Nat¬ 
ural Philosophy, and the Technical Arts of Precision.” It points 
out the need of such an institution, details the benefits likely to- 
accrue from it, lays great stress on the intimate relation existing 
between scientific investigations and their application in the use¬ 
ful arts, and sets forth somewhat in detail a plan of organization. 
Ihe memorialists had in mind at that time a “Physico-Mechanical 
Insti ution, but in a memorial of the following year (March 20, 
1884 ) the title was changed to the one which the institution now 

bears- Thysikalisch-Technische Eeichsanstalt.” From this sec 

ond memorial it is learned that the first steps toward the further¬ 
ance of exact science and technical precision in an institution to 

d by the State, were taken as early as 
18 This movement had the support of the crown prince, the 
late Emperor Frederick, and the matter was taken in hand by 
Count von Moltke as chairman of the Central Bureau for MetroF 
ogy in Prussia He called together a commission near the end 
of the year 1813 , and in the following January this commissSn 
reported a series of propositions for the improvement of the sci¬ 
entific mechanic arts, and of instruments of precision The«f. 
propositions formed the foundation for a rnemoLl on tb^ 

the Chamber of Delegates of theTruranrtimTn: 

.“preciZ."™'" onto Z 

The general plan of the Reichsanstalt was adopted in 1887 an/i 

tific di,hi„„ ™ compleJd ZSs Th* 

division ,ns honsed in 1 poZn of ,1,0 T ZiF" 

till the bnildinns for fhi.n- ' “ Teehnioal High School 

depart JlnLTacZtv ofr^^ T 

dated on the square faeioff on IW * accommo- 

Thej include the division for pm^ clenZ “ 

measurements of precision piLi • ? ‘ research, mechanical 

Oiente, the »—rS Z'"':-‘“'™- 

and electromotive forces tbe pfj- i T ^ alternating currents- 

of thermometry the deoartm ^ the department 

the department of pyrometry, and the depart- 
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ment of chemistry. To these as auxiliaries should be added the 
power plant and the workshop, 

II. OEOAmZATIOIf. 

The two divisions into which the Eeichsanstalt is divided cor¬ 
respond to the two paramount objects which the founders had in 
view, yiz., research in pure science, and the cultivation of pre¬ 
cision in the technical applications of science. The same idea is 
embodied in the very name of the institution—The Imperial 
Physico-Technical Institution. If the sole purpose of the Anstalt 
had been the promotion of improvements in the mechanic arts, in 
engineering, and in instruments of precision, the first or scientific 
division would still have been essential to secure the ends sought. 
All the applications of science rest on the foundation of pure sci¬ 
entific discovery. The creation of new and improved methods 
and instruments for physical measurements requires the most ex¬ 
haustive and painstaking investigations as a preliminary to a 
steady and confident advance. The practical value of research in 
pure science is no longer in question. The wise founders of the 
Eeichsanstalt made no mistake in coupling an institution for the 
promotion of technical precision with one for the prosecution of 
research in physical science. 

The governing body or Ouratoriuin of the Eeichsanstalt is ap¬ 
pointed by the Emperor. At its head is Herr Weyraann, Imper¬ 
ial Privy Counsellor. The function of the Ouratorinm is the 
appointment of the oflScials and the general management of the 
institution. The chief officer of the Eeichsanstalt is the Presi¬ 
dent, and the most distinguished physicist of the realm is sought 
for this position. Helmholtz was taken from the University in 
Berlin to become the first incumbent of the office ; after his 
death in 1894, his successor as professor of physics in the Univer¬ 
sity, Professor F. Kohlrausch, became his successor as President 
of the Eeichsanstalt. 

The President, who is at the same time director of the first di¬ 
vision, is held responsible for the successful work of the Eeichs¬ 
anstalt. All other officials are therefore subordinate to him. In 
his absence the duties of his office devolve upon the Director of 
the technical division. Subordinate to the Director of this., sec¬ 
ond division are the professors, associates, and assistants of various 
grades. A professor in charge of a department has the direction 
of all those employed in it, including a skilled departmental me¬ 
chanician. 
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The specific duties of the President may be briefly enumerated. 

He must Jay before the Curatorium at its annual meeting the 
lollowing: 

1. A report on the work executed in both divisions. 

i. The plan of work for the undertakings to be carried out the 
ensuing year. 

3 Propositions relative to the money to be expended for sci- 
^^4 technical work; also for salaries and remunerations. 

4. Propositions relative to the rank of permanent associates 

r-^-1 



Fio. 1.—President’s House. 


ments, and he is held responsible ter thrnmr^^''^ 

the money appropriated ter tlio • . expenditure of 

The te TwTdi”"" 

defined in bread termr°ItTre7ni*tf tl”' 
faf d™.on n, carry „„t pbyer'eal inreefigariorrs retfr^n^l^: 
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Fig. 2 .—Building for Large Current and Machinery. 

the necessary appliances. They must be recommended by the 
State in which they reside and must be accepted by the Ourator- 
ium. 

Young men may be accepted as voluntary workers who have 
proved their ability by scientific publications. They will under¬ 
take researches which have been determined upon by^ the Oura- 
toriurn or the Director; or they may invesftigate subjects which 
they themselves suggest, and which appear to the Director to be 
practicable and worthy of execution. The scientific results ob- 
tained must be published only at the discretion of the authorities 


uninterrupted time on the part of the observer, and better acces¬ 
sories in the way of instruments and local appliances, than private 
individuals and laboratories of institutions for teaching as a rule 
can offer. These investigations shall be canned out partly by 
officers of the Anstalt and partly, under their oversight, by scien¬ 
tific guests and voluntary workers. By scientific guests in gen¬ 
eral are meant the holders of scientific positions in the German 
empire, who wish to prosecute scientific researches, the plan of 
which they have submitted, and for which they have not at home 
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of the institution, who reserve also the right to publish them in 
the researches of the Eeiehsanstalt. Provision is made that vol¬ 
untary workers shall not use the institution for private ends nor 
to obtain patents. 


The second division of the Eeiehsanstalt is placed under a Di- 
ree or, who is subject to the higher authority of the President 
Such a Director was considered necessary on account of the 
special work of this division, as well as because of the intimate 
relations into which it is brought with many persons engaged in 



Pig. 8.-Main Building, Division I. 


electricity, and one of mechanical measuremel of ’ 

Along with these and'of the same rank nod T ^ 
director of the workshon i?- ^ ^ compensation is the 

eeution of the most evaot Wk . ^ the ex- 

most exact work required by the institution. Por 
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■example, it has a circular dividing engine that cost $2,500. The 
founders of the Keichsanstalt foresaw the necessity of such me- 
ehanical aids for the furtherance of the exact work to be under¬ 
taken. They wisely concluded that such special constructions 
^nd new types of instruments as they might require from time to 
time could be more conveniently and more cheaply built in their 
own shop than by private instrument makers. 

III. Cost and Maintenakoe. 

The following are the official accounts of expenditures for the 



Fig. 4.—Main Building, Division II. 

grounds, buildings, furniture and instruments for the two divis¬ 
ions, to which are added the yearly expenses: 

Division I. 

1. Acquisition of ground, the gift of Dr. Werner 


Siemens. 600,000 M. 

2. For erection of buildings : 

a. Main Building. 387,000 “ 

b. Machinery Building. 60,000 

•c. Administration Building. 100,000 “ 

d. President's House.... 99,254 

'6. Grading, Paving, etc. 10,472 
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3. 

4. 


1 Paving Half of Street. 

g. Building for Battery. 

Fittings and Furniture. 

Equipment of Machinery and Instruments 


30,274 

8,500 

58,000 

82,310 
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1,325,810 M. 


Division II. 


1. Acquisition of Ground. 373,106 M. 

2, Erection of Buildings : 

a. Main Building. 922,000 “ 

b. Laboratory Building. 218,000 “ 

c. Machinery “ . 180,000 “ 



Pig. 5.—Main Building. (In part.) 


e. Dwelling for Officials. 140,000 

f. Additional Improvements. 348 OOO “ 

3. Fittings and Furniture . los'soo “ 


. -O • .. . 

4 . iiquipment of Machinery and Instruments... 471,890 “ 


_ 2,760,796 “ 

Less reduction for 1895-96. , . 47,500 « 2,713,896 M. 

Divisions I and II together. 4,089,106 “ 

The annual expenditures for 1889 were as follows : 
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1 . Expenditures for Salaries and Laborers. 206,604 M. 

2 . Miscellaneous Articles, Experimental Work and care of Build¬ 

ings. 127,000 “ 

Total.. 883,604 “ 

The receipts for calibrating instruments, testing materials, ver- 
if jing standards and the like now amount to about 40,000 M. an¬ 
nually. This sum should be deducted from the yearly expendi¬ 
tures, leaving a net sum of about 300,000 M. 

In round numbers the Reichsanstalt has cost $1,000,000, and 
the annual appropriation for its maintenance is $75,000. 

IV. Eesttlts. 

A very pertinent inquiry is, what are the results of all this ex¬ 
penditure ? Might not more good be accomplished by state aid 
to some existing technical school or university ? The results at¬ 
tained must be set by the side of the objects which the founders 
of the institution had in view in order to ascertain whether the 
sequel has justified their predictions. In the memorials to which 
reference has already been made, Professor von Helmholtz and Hr. 
Werner Siemens pointed out the advantages likely to accrue to 
G-ermany from the maintenance of an imperial institution for re¬ 
search, which should at the same time assume the cognate func¬ 
tion of fixing and certifying standards of mechanical and physical 
measurements. Attention was drawn to the fact that other coun¬ 
tries, notably England, had enjoyed great renown in science be¬ 
cause of the brilliant researches and discoveries of some of her 
scientific men, who had the good fortune to be possessed of leis¬ 
ure and large private means, and the scientific spirit to devote 
them to investigations demanding both as a sine qua non. 

These conditions the memorialists declared were lacking in the 
fatherland. Her scholars who had the enthusiasm and the ca¬ 
pacity for exact scientific investigation possessed neither the pri¬ 
vate fortune to devote to it, nor the uninterrupted time for the 
execution of the work. They were to be found among the men 
engaged in teaching, but their professional duties absorbed their 
time to such an extent that only an inadequate residue remained; 
and even that little was divided into fractions too small to admit 
of the sustained and continuous attention which any important 
investigation demands. 

It was further pointed out that if the government would supply 
the conditions favorable to scientific discovery, the men could be 
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found whose work would reflect great credit on the state, while 
the interaction between pure science and its applications to arts 
and manufactures would put Germany in the forefront of scien¬ 
tific renown and of the intelligent application of science to useful 
purposes. 

It was further urged by von Helmholtz that the brilliant in¬ 
vestigations of Eegnault and other French physicists many years 
ago should now be repeated with the superior methods and in¬ 
strumental appliances available at the present time. These in¬ 
vestigations drew the attention of the scientific world to France 
and made it the focus of scientific interest. Her instrument 
makers, even up to the present, have reaped a rich reward in for¬ 
eign orders for instruments made eminently desirable and almost 
indispensable by these distinguished French investigators. 

Other problems, too, needed solution, problems forced to the 
front by modern requirements and discoveries. The applications 
of electricity, for example, present new questions for science to 
answer, while the interests of the consumer at the same time call 
for some form of control by the State of the instruments employed 
in fulfilling contracts. The very units in which such measure¬ 
ments are made need to be authoratively settled—a task demand¬ 
ing the highest manipulative skill in experiment and the most 
refined appliances which experience can suggest and money pur¬ 
chase. 

The German government admitted the force of these consider¬ 
ations and made splendid provision, both for pure science and 
its technical applications, by founding the Imperial Institution at 
Oharlottenburg. The results have already justified in a remark¬ 
able manner all the expenditure of labor and money. The re¬ 
nown in exact scientific measurements formerly possessed by 
France and England has now been largely transferred to Ger¬ 
many. Formerly scientific workers in the United States looked 
to England for exact standards, especially in the department of 
electricity. Now they go to Germany. So completely has the 
work of the Eeichsanstalt justified the expectations of its foun¬ 
ders, and so substantial are the products of this already famous 
institution that other European nations are following Germany’s 
example. Great Britain has already made an initial appropria¬ 
tion for a National Physical Laboratory to be organized on a plan 
similar to that of her Teutonic neighbor. Mr. E.T. Glazebrook, who 
has long served as Secretary of the Electrical Standards Com- 
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mittee of the British Association for the Advancement of Science, 
has been appointed Director and has entered on his duties. The 
new institution will absorb the old Kew Observatory, and other 
buildings will be added at once for the extension of the functions 
of this Observatory so as to include the larger enterprise contem¬ 
plated in the establishment of the new National Laboratory. 

Bussia also has a number of large and well equipped 
laboratories in connection with her Central Bureau of Weights 
and Measures. One of these is devoted to the verification of in¬ 
struments for electrical measurement. It employs fourteen men 
and the budget is about $45,000 per annum. 

France is also moving in the same direction. The great service 
of France in fixing standards of length and mass has long been 
freely recognized by the civilized world. But her national bu¬ 
reau for this purpose is now considered to be too limited in scope 
to solve the new problems presented. Qm'te recently a committee 
of learned men from Paris, under the leadership of Minister 
Bourgeois, visited Oharlottenburg for the purpose of examining 
into the worHng of the renowned institution located there. Pro¬ 
fessor Yiolle, one of the most illustrious physicists of the French 
capital, accompanied the committee. What better evidence of 
the success of Germany’s great institution can be demanded than 
the consensus of favorable opinion among those best qualified to 
judge that its fruits are already of the highest order of merit, 
and its imitation by other European nations—the sincerest form 
of fiattery. 

It would not be just to form an estimate of the success of the 
Keichsanstalt without taking into account its scientific publica¬ 
tions. These are numerous and of great value. Most of the re¬ 
ports of work done are made public with ofiBcial sanction in var¬ 
ious scientific and technical journals. During the past year 
thirty such papers have been published. The detailed accounts, 
however, of the most important undertakings thus far completed 
are contained in three quarto volumes of investigations. Among 
those contained in the first two volumes may be mentioned pa¬ 
pers pertaining to thermometry and to units of electrical resis¬ 
tance. 

The investigations in thermometry comprise such topics as 
the influence of the glass on the indications of the mercurial ther¬ 
mometer, division of the thermometer and determination of the 
errors of division, determination of the coeflBcient of outer and 
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inner pressure, determination of the mean apparent coeflBcient of 
expansion of mercury between 0°O. and 100^0. in Jena glass, and 
investigations relating to the comparison of mercurial thermome¬ 
ters. 

Four papers of exceptional value relate to normal standards 
of electrical resistance. They are, the probable value of the ohm 
according to measurements made up to the present time, the de¬ 
termination of the caliber correction for electrical resistance tubes, 
the normal mercury standard ohm, and the normal wire standard 
ohm of the Eeichsanstalt. When one recalls that the ohm as a 
practical unit of measurement is defined in terms of the resis¬ 
tance of a specified column or thread of mercury, it will readily 
be seen that the work done at Charlottenburg in this particular 
field is fundamental in character and of the most universal im¬ 
portance. 

In passing it is worthy of remark that all the standard resis¬ 
tances designed and constructed at the Eeichsanstalt are carefully 
compared with the mercurial standards early in each year. This 
custom is in accordance with the action taken by the electrical 
standards committee of the British Association at Edinburgh in 
1892, when the mercurial standard was definitely adopted. At 
this meeting of the * committee, representatives of American, 
French and German physicists (including von Helmholtz) were 
invited to sit as members. The methods employed in these com¬ 
parisons and the forms of the standards are original with the 
Eeichsanstalt. The new forms and methods admit of a combined 
accuracy and convenience not previously attained. 

In addition to the work done in electrical resistance, the inves¬ 
tigation of the silver voltameter and the electromotive force of 
standard Clark and Weston cells has been highly productive of 
useful results for the other two fundamental electrical measure¬ 
ments. Much remains to be done in this latter direction, for the 
electromotive force assigned to the Clark and the Weston cell, 
even in the latest report of the Eeichsanstalt, is derived from 
measurements by the silver voltameter, while the electrochemical 
equivalent of silver is in doubt to a greater extent than the elec¬ 
tromotive force of the Clark cell. 

Eerhaps the best indication of the valuable work of the Eeichs- 
anstalt is to be found in the annual Thatigkeitsbericht.” This 
report of the year’s activity is published in the Zeitschrift fur 
Instrumentenkunde,” and the reprint for 1899 forms a pamphlet 
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of twenty-five large, closely printed pages. The following ab¬ 
stract will convey some impression, though an imperfect one, of 
the extent of the work accomplished: 

First (Physical) Division. 

I. Work in Heat. Determination of the density of water between 0°C. and 
40" C. 

Determination of the pressure of water vapor at low temperatures. 

Determination of the pressure of water vapor near 50° C. 

Investigation of thermometers for temperatures between 100° and 200° 0. 

Investigation of the nitrogen thermometer with a platinum-iridium bulb for 
very high temperatures. 

Investigation of thermometers for low temperatures. 

Determination of the thermal and electrical conductivity of pure metals. 
(These determinations are to be extended down to the temperature of liquid air 
and up to 1000° C.) 

Investigations with the Pizeau-Abbe dilatometer. 

Investigation of the transmission of heat through metal plates. 

II. Work in Electricity. Comparison of the normal wire resistances of Di- 
visions I and II.' 

Determination of the capacity of an air condenser. 

Comparison of the standard cells of Divisions I and II. 

Determination of the conductance of water solutions with a higher degree of 
accuracy than has been attained hitherto, especially with very dilute solutions. 

III. Work in Light. Investigation with electrically heated black bodies. 

Proof of Stefan’s law between 90° and 1700° absolute temperature. 

Determination of the relation between the intensity of light and the tempera¬ 
ture. 

Measurement of radiation in absolute measure. 

Determination of the distribution of energy in the spectrum of black bodies. 

Determination of the distribution of energy in the spectrum of polished 
platinum and other substances ; also their reflective power. 

Second (Technical) Division. 

I. Work of Mechanical Precision. Investigation of the errors of length and 
of the division of 300 scales, tubes, etc. 

Coefficient of expansion of 18 bars, tubes and wires. 

Verification of 86 tuning forks for international pitch. 

Construction of a new transverse comparator. 

Study of the variations of angular velocity of rotating bodies. 

II. Electrical Work. Calibration of direct current apparatus, 183 pieces. 

Calibration of alternating current apparatus, 58 pieces. 

Examination of other electrical apparatus, 76 articles. 

Examination of accumulators, primary elements and switches, 37 articles. 

Examination of insulating and conducting materials and carbons, 23 articles. 

Installation of storage cells for a current of 10,000 amperes. 

Installation of small storage cells for an electric pressure of 20,000 volts. 

Installation of alternating current instruments for measuring potential dif¬ 
ference up to 500 volts and current up to 100 amperes. 

Examination of 29 samples of alloys for specific resistance and temperature 
coefficient. 
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Examination of 126 samples of insulating materials with an electric pressure 
up to 800 volts. 

Verification of single resistances, 123 samples. 

Calibration of 33 resistance boxes, compensation apparatus, etc,, containing 
1153 single resistances. 

Comparison and verification of 133 standard cells —111 Clark and 22 Weston 
elements. 

Determination of the ratio Clark 15° 0. to cadmium 30° C.. and Clark 0 ° C. 
to cadmium 20° C. with a large number of standard cells. 

Examination of 21 samples of dry and storage cells. 

Calibration of 15 galvanometers to measure high and low temperatnres with 
thermal elements. 

Magnetic examination of 25 samples of iron and steel. 

Investigation of the differenoe between the continuous and the discontinuous 
magnetization of steel. 

^f Investigation of the influence of repeated heating on the magnetic hardness 


18^7 tWmotSrsf Measurement of Pressure. Calibration of 

Examination of 4 safety appliances and benzine lamps. 

Calibration of 317 thermal elements. 

Verification of 9 manometers and 22 barometers. 

Testing of 190 samples of apparatus for petroleum investigations. 

Testing of 3210 samples of safety rings and plugs. 

Testing of 22 samples of indicator springs. 

Testing of 143 gas and other lamps and adjunct appliances. 

Investigation of quarte plates for the examination of sugars 

f“ the normal Ventzke scale for sodium light 

jfSf «'-I ta- 

The quantitative determination of metallic platinum 

In addition to the above work attention is drawn to the fact 
that there are two mstitutions tor calibration and certification of 
thermonreteta nnder the control of the BeichK.nstalt, onf” if ■ 
menau and the other at Gehlhero- nnwivow. . 1 . i . / 
institution at Ilmenau has tested in ri ^ ^i years the 

mometers. ^ ^ numbers 350,000 ther- 

je^ ^“s?" the pact 
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V. A Lesson poe Us. 

If Germany has found it to her scientilic and industrial advan¬ 
tage to maintain the E-eichsanstalt, and is proud of what it ac¬ 
complishes ; and if Great Britain is so impressed with the success 
of the institution that she has decided to imitate it, it is surely 
the part of wisdom for the United States to move in the same di¬ 
rection. It is therefore very gratifying that at the suggestion of 
Secretary Gage a bill was introduced in the last Congress to es¬ 
tablish a National Standardizing Bureau, and that the Committee 
on Coinage, Weights and Measures reported unanimously and 
strongly in favor of its passage. So great is the importance of 
this movement from the point of view of science, of national 
pride, and of the higher interests of industrial pursuits, that the 
effort so happily begun, to secure suitable legislation should be 
repeated with redoubled force and enthusiasm. Some of the 
reasons for making this effort one does not need to go far to seek. 

In the first place the scientitic interests to be served are cer¬ 
tainly as great as in any other country in the world. Science is 
cultivated here with increasing assiduity and success. We are no 
longer content to follow in the footsteps of European savants and 
modestly repeat their investigations. Original work of a high 
order is now done in many American universities; but the diffi¬ 
culties under which university instructors prosecute research are 
even greater here than in Germany, and we are still compelled to 
go to Europe for most of our standards. As a result, inventions 
of an almost purely scientific character originating here have 
been carried to perfection in the Beichsanstalt, and Germany 
gets the larger part of the credit. I need only instance the Wes¬ 
ton standard cell, which has been so fully investigated at the 
Eeichsanstalt, and the alloymanganin,” which the same insti¬ 
tution employs for its standard resistances after a searching in¬ 
quiry into its properties. Both of these are the invention of Mr. 
Edward Weston, one of the Past-Presidents of this Institute. 
So long as there is no authoritative bureau in the United States 
under Federal control, and presided over by men commanding 
respect and confidence, we must continue ‘‘to utilize the far su¬ 
perior standardizing facilities of other governments.” It is true 
that science knows no nationality, but the scientific workers of 
any nation can serve their own country better if they are not 
compelled to obtain their standards and their best instruments 
from distant parts of the globe. America has the cultivation in 
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physical science, the ability on the part of her investigators, and 
the inventive faculty to do work in a national institution that we 
shall not be ashamed to place by the side of Germany’s best pro¬ 
ducts. The establishment of a national institution for physical 
and technical purposes can not fail to foster a vigorous and 
healthy growth in science, to which we already owe so much of 
our national prosperity and renown. 

In the second place Congress should be stimulated to take ac¬ 
tion because of national pride. It is not creditable for a capable 
and self-reliant nation to continue to depend on foreign countries 
for its standards of measurement, for the certification of its in¬ 
struments, and for the calibration of its normal apparatus for 
precise work. Different departments of our Government and 
offices under its control must at present appeal to foreign bureaus 
for the certification of their standards and instruments of precision. 
The first day the writer spent at the Eeichsanstalt he was consult¬ 
ed with reference to an extended correspondence between the 
Director of the technical division and the officials of the Brooklyn 
hTavy Yard relative to the calibration of a large number of in-r 
candescent electric lamps for use in our jSfavy department. The 
spectacle of a Government bureau going to a foreign imperial in¬ 
stitution for standards in an industry whose home is in the United 
States is a humiliating one. Yet the proceeding was entirely 
proper and justifiable because there is in this country no standard¬ 
izing bureau for the purpose desired. Are the representatives 
of the American people willing to have this state of affairs con¬ 
tinue ? 

Again, the higher interests of the industrial utilization of scien¬ 
tific knowledge require the establishment in Washington of an 
institution similar to the Keichsanstalt and in no degree inferior 
to it. We are an inventive people and may justly claim renown 
in the prompt and efficient utilization of the discoveries in physi¬ 
cal science. It is highly improbable that a practical limit has 
already been reached in the field of applied physics. We are not 
estopped from making further discoveries. , Still it may be af¬ 
firmed with confidence that the most important and promising 
work to be done, except in the rare instances in which genius 
makes a brilliant discovery, will consist in the more perfect 
adaptation of known physical laws to the production of useful 
results. It is precisely this field which has not been extensively 
cultivated as yet in the United States. We have explored the 
surface and presumably gathered the largest nuggets and the 
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most brilliant gems. To increase tbc output we must now delve 
deeper and scrntinize more closely. To drop the metaphor, what 
will be required for future preeminence is the more intensive and 
exhaustive study of the scientific conditions in the industrial uti¬ 
lization of physical laws. This study will require the best talent 
of our technical schools, aided and supported by an authoritative 
national institution, itself far removed from patents and commer¬ 
cial gains, but jealous of oar national renown and eager to co¬ 
operate with manufacturers for the sake of national prosperity. 

Grermany is rapidly moving toward industrial supremacy in 
Europe. One of the most potent factors in this notable advance 
is the perfected alliance between science and commerce existing 
in Grermany. Science has come to be regarded there as a com¬ 
mercial factor. If England is losing her supremacy in manufac¬ 
tures and in commerce, as many claim, it is because of English 
conservatism and the failure to utilize to the fullest extent the 
lessons taught by science; while Grermany, once the countiy of 
dreamers and theorists, has now become eminently practical. 
Science there no longer seeks court and cloister, but is in open 
alliance with commerce and industry. This is substantially the 
view taken by Sir Charles Oppenheimer, British Consul-General 
at Frankfurt, in a recent review of the status and prospects of 
the German Empire. 

The Ee.ichsanstalt is the top stone of Germany’s scientific edi¬ 
fice. It has also contributed much to her industrial renown. It 
is necessary to cite only her manufactures involving high tempe¬ 
ratures, such as the porcelain industry, to appreciate the help af¬ 
forded by the Eeichsanstalt. The methods and instruments 
elaborated there for the exact measurement of high temperatures 
constitute a splendid contribution toward industrial supremacy in 
■ those lines. The German government sees with great clearness 
that the Eeichsanstalt justifies the expenditure made for its main¬ 
tenance, not by the fees received for certifications and calibra¬ 
tions, but by the support it gives to the higher industries requir¬ 
ing the application of the greatest intelligence. In this connec¬ 
tion it should be thankfully acknowledged that the services of 
this imperial establishment are placed at the disposal of foreign 
institutions of learning with the most generous liberality. The 
charges for calibration are only about one-fourth^ the expense in¬ 
curred in making them, but the support thus given to German 
makers of instruments of precision, by increasing their foreign 
orders, is deemed a sufficient return for the services rendered. 
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Discussion. 


^ The President:— The subject is now open for discussion. It 
IS unfortunate that Prof, Oarhart is not present to answer ques¬ 
tions, but it would nevertheless be interesting to hear the views 
of the members present on the subject of the paper. I had the 
pleasure of visiting this lieichanstalt only about a week ago, and 
11 I can answer any questions I will be glad to do so: my visit 
was only a very short and hurried one. 

I am very glad that Prof. Carhart presented this paper to the 
Institute, and that he brought out so forcibly in the last section, 
the need of a similar one in this country. It is certainly humil¬ 
iating for us in this country to have to go to a foreign institution 
to have our instruments standardized. There is no reason at all 
why we should not do exactly the same kind of work here. The 
expense of conducting this creditable institution, seems to me to 
he exceedingly small. It is also somewhat humiliating for us that 
the Vveston standard cell, which was invented here, was not appre- 
matea by the ^rld until after it. had been investigated by the 
Eeichsanstalt. The same is true of manganine, which now seems 
to be the standard resistance material in the Eeichsanstalt; it 
seems, in fact, that the manganine standard resistances in that 
<i®PQ^ded upon more than the mercury ohms. 

• Professor Carhart has described to us 

is divided into two quite distinct departments, the one for re’ 
search and the other for what might be called commercial stand¬ 
ardization. Prot. Carhptin his paper puts more stress on the 
hrst department, that is, the department for research. As a 
matter of fact, however, the second department is by far the 
larger. 1 found that, as far as labor and expenditures are con¬ 
cerned, the^y stand about as one to three; that is to every man in 
the research department, there are three men in the standardizino* 
department; the expenses, it seems, are about in the same pr(> 


I was interested in the standard of light which that insti¬ 
tution has adopted, the Hefner amyl-acetate lamp. They seem 
to be quite well satisfied with it now, and say that it is more 
accurate as a standard than the usual measurements that are 
made with it on the photorneter, and therefore it is a sufficiently 
good standard. They use it altogether, and it has been adopted 

gas and by the electrical 
industries. This standard can be reproduced by constructing it 
according to scale, that is, according to measurements, it does 
not necessarily have to be calibrated ; that is, if constructed ex- 
actly according to specifications one can be sure that it will give 
one candle without the necessity of calibration; for very accu¬ 
rate work they are calibrated by the Eeichsanstalt. In on? coun- 

oZ nf of It seems that at 

one of the large lam^p factones in oar country, the standard used 

Tent kmpf through many years, in the form of ineandes^- 



1900.1 


DISCUSSIOJN’ JJSf NEW 70RK, 


575 


If we in this country should start a similar institution, I think 
it would be better to lay more stress on the second department 
of the Eeichsanstalt, that is, the calibrating department, than on 
the research department, at least at first. I think the first de¬ 
partment should follow the introduction of the second, and not 
precede it, because the si-cond department will yield results at 
once, and will supply something which is much needed in this 


country. 

I might add that I inquired whether thev preferred the Weston 
cell to 'the Clark cell, and I found that they not only preferred 
it, but found it to be very much better. It seems that the Weston 
cell is now replacing the Clark cell altogether,^ due, of course, to 
the well known fact that the temperature coefiicient is negligibly 
small. It was amusing to notice that nowhere did they call it 
the Weston cell,” as they did not seem to like to admit that it 
came from America. It is always called the cadmium cell 
there, although the other is called the Clark,” and not the 
zinc cell.^^ 

De. Samuel Sheldon Mr. President, I tliiuk tliat we as a 
scientific body, and any other scientific body, would strongly favor 
the founding in this country of an institution of this charactei. 
Certainly, if France, or if England, or if Russia, who are so near 
to the standards of tlie Reichsanstalt, can feel that it is necessary 
for them to found such an institution, we, who are over the 
ocean, who have such trouhles in our Custom Houses, and w o 
have such long delays in getting returns from the other side, 
ought to favor it. We, however, ought to consider _ that out¬ 
siders, and those who are not interested particularly in science, 
must be made to take an interest, before the object can be at¬ 
tained, and I hope some action will be taken before long, 
even further thau that which has been already taken, o in nence 
legislation in the proper direction. We certainly need such an 
institution merely for the calibration of instruments, not con¬ 
sidering the idea of a research department. _ 1 don t know whether 
we ought to say that we can find in America the mp who would 
make an institution in this country as renowned as is the Keichs- 
anstalt in Germany. Think of the two men who hpe been at 
the head of that institution. Helmholtz was a prominpt pnys- 
sieian a foremost physiologist, a superior physicib , in ac , 
brTadand cultured scientist.^ He was a man who would conquer 
anything, and who was especially fitted for this kind of a posi¬ 
tion. Kohlrausch—I had the pleasure of being his assistant for 
two years— is a man of the most wonderful smentific imagiaa- 
S„, »d i« .dditioB to tl,>t iact ho '■'“f 

ly. He was the most prominent advocate and supporter of the 

laboratory system of instruction in its early 
little iJtfaden der PraMschen 

laboratory'^ physics. Now two such men could not have failed 
to have brought renown to the institution with which they were 
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wTowSld I do not question but that we might find somebody 

of otT methol^^rff r“®i hindered because 

or our methods of legislatmn and government. 

^ ®ome bureau of unquestioned au- 

^ attention in some work which I have done 

products w^hich they turned out did not differ from each other 
o any great extent, not much over a tenth of a per cent but the 
products of the one company differed by abo^t twf per cent 

£r towbTctalf company. Their supposed stand- 

S the slme multiples or submultiples 

ali?w;^fr'^’"% I>OREMcrs:-If an associate may be 

Sek un 8 ome^S^b"p ^ the other dly to 

Snmphrey Davy’s works, and in an address 
before the Royal Institution m London he urwd that funds be 
wpropriated for original research. Jde claimed that the nation 
which owed Its progress to scientific endeavor luld nevei have 
t citizens suffer the humiliation of slavery; thar^scSL fir 

b^stowfdTI’^/’®^^'*’®® but it must be a patronage 

bestowed, a patronage received with dignity.” I have tried to 

quote some of his words. Surely nothing could be rlmrdLf ’ 

Should beMirmtm "" research than that the nation 

of wbflt bac if nothing could subserve the purposes 

01 wiat has been contemplated by this paner better tban 

fte Qo,sr„„e„t of ,he [foited sLe,TSSe leo 

iStS 

largely" our SLm Mus°ri™‘K' deTefoped few 

direction which is quite as important as the electrical field T 
am under the impression that Congress has already been memor 
aimed from the chemical side of the scientific SssilL anTff 
the- different institutes and different scientific socTSof Si « 

frifftfS rSSte woiibS I am very certain that very 

grS ^ issue, perhaps in the next session of Com 
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Me. Townsend W oloott :—I want j&rst to speak about those 
lamps that the JSTavy Department sent over. As I under¬ 
stand, Mr. President, you say that the amyl-acetate lamp is ex¬ 
ceedingly accurate ; but is it easy to use in calibrating electric 
incandescent lamps? 

The Peesident :—It is easier to use than any other stand¬ 
ard. 

Mr. Wolcott :—The Havy Department had some lamps, i 
think ten primarj^' standards and twenty secondaries, and a lot 
more tertiary standards. At first they had intended to have 
them all standardized by comparison with the amyl-acetate lamp, 
and then after they got them they were to use the primary 
standards only to standardize the secondary, and the secondary 
only to standardize the tertiary. The tertiary standard was the 
one they would really use in daily work, so as to preserve their 
primary standards as long as possible. But the Peichsanstalt 
said that they could not do them that way ; at all events, it would 
be entirely too much work; they would compare one larnp with 
the amyl-acetate standard and compare all the others with that. 
It seemed to indicate that they found it a great deal more work 
to compare an incandescent lamp with the amyl-acetate lamp, 
than to compare one incandescent lamp with another. The 
amyl-acetate lamp and the incandescent lamp are not exactly 
the same color. With two incandescent lamps of exactly the 
same color—that is, the same temperature—-you can set the car¬ 
riage of the photometer, if it be Lummer-Brodhun type, to a single 
millimeter every time, set it three or four times, and get the same 
result; whereas, if there is the slightest difference in the color you 

cannot do that. ^ ^ . 

Then in regard to standardizing instruments in this country, 
the Signal Corps here in Hew York had a Wheatsone bridge, 
which was rather old, and they wanted it standardized, and sent 
it to the Coast Survey. It was standardized. That is, each coil 
was measured, but they had no facilities for adjusting the 
It is a little better to know when a coil is out, to know just what 
■ it is than not to know at all, but it is not nearly so good as hav¬ 
ing it adjusted so that it is right. It is somewl)at humiliating 
that we have in this country no government institution for a(^ 
justing instruments accurately, and the advantage that some such 
institution as the Eeichsanstalt would, confer if we had one here 

is manifest. ^ ^ • 

De. Louis Bell :—As Chairman of the Hational Electric 
Light Association Committee on standardizing electric lamps, I 
would say that the question regarding standard of light is one of 
direct interest. The committee has definitely accepted the 
amyl'acetate standard as the ultimate standard to which light 
should be compared ; but it is a fact that owing to the slightly 
reddish cast of the amyl-acetate lamp,comparisons are by no means 
easy, and I am not at all surprised that the Reichsanstalt preferred 
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to compare one or a few lamps rather than standardize a large 
number. It is, however, a wonderfully satisfactory standard to 
use aside from the question of the slig^ht difference in color. The 
diflBculty which our committee has found is not in settling upon 
methods or anything of that sort, but agreeing on any one sys¬ 
tematic way of rating incandescent lamps, which will not cause 
a cat and dog row among the lamp manufacturers, who, for the 
most part, I am earnestly persuaded, are intent on turning out a 
good product, but are a little bit cautious about admitting any 
particular method of rating, which might at the present time or 
some future time have an unfavorable influence on the rating of 
some lamps. I think, however, that in the last year or two, 
manufacturers have been coming to realize more and more the 
meaning of a definite standard, and I feel sure that that difficulty 
IS going to vanish. The committee is now pegging away at the 
problem, making arrangements to produce some primary stand¬ 
ard lamps and supply them, but the difficulty which has been met 
so far has been very largely commercial, it being very hard to 
settle upon a rating of lamps, quite aside from the scientific 
problems involved^ in standardizing, which will not be a source 
of constant rows in^ the case of those who make and also those 
who use lamps. I think the question is settling itself very satisfac- 
no doubt that by nextyear at the coming meeting 
of the JNational Electric Light Association the committee will 
be able to bring in a final report, and will also able to furnish care- 
fully standardized incandescent lamps to all who desire them. 

iHE Peesident :~.In reply to a question which Mr. Wolcott 
brought up, I would say that the Eeichsanstalt uses the amyl- 
acetate lamp only as a primary standard, for occasionally stand¬ 
ardizing incandescent lamp secondary standards. When they 
make measurements of electric lamps, they always use these sec¬ 
ondary standard incandescent lamps, and brin^; tlie voltage to the 
proper amount. The incandescent lamps are used far below 
their rated candle power, that is, at a much lower voltage than 
the normal In that way they get a light of about the same color 
as that of the amyl-acetate lamps; the comparison then becomes 
easier and more accurate, and the standard lamps last longer If 
1 remember correctly, one of their standard lamps used in this 
way, has run for ten thousand hours, and is still of exactly the 
same candle power it was in the beginning. 

OactainSamubl Eebee:— I know that we all agree upon the 
establishment of a Standardizing Bureau in this country The 
question which arises is: what action shall the Institute take to 
further the establishment of this Bureau ? I know from the results 
of correspondence and conversation with officials of the Coast and 
Geodetic Survey in Washington that a bill, drafted by them, was 
sent by Secretary Gage to both the Senate and House of Eepre- 
sentatives, and was introduced as House Bill Ho. 11350, on May 
6, 1900, and as Senate Bill No. 4680, on May 14, 1900 Tho 
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copy I have shows that the measure is very complete and 
amply covers the ground. 

The Secretaey: —I have a copy of it at the office, and I was 
looking it over to-day. In addition to the bill, it goes into details 
as to the staff and the salaries and number of employees, and 
also in addition to that letters frotrj prominent men in various 
lines throughout the country, making quite a complete document 
that was printed by the government. ^ 

Oaptain Eeber :—After an extended hearing before the Com¬ 
mittee on Coinage, Weights and Measures of the House, the 
bill was favorably reported, but owing to the press of business 
at the close of the session it failed to pass. I would like to ask 
if the Institute cannot take some action in the way of urging 
its passage. If a committee were placed in charge of the matter 
they could decide whether it is advisable to take it up on the 
lines of the bill, and if so, to then act on the matter. ^ 

The Secretary :—The Council has already appointed a com¬ 
mittee, and one or more members of it have appeared before 
the Congressional Committee at Washington in advocating this 
measure. At a meeting of the Executive Committee to-day the 
Chairman was called upon to make a report as to what further 
steps were necessary, the idea of the Executive Committee being 
that it would perhaps be advantageous to enlarge the committee 
b}^ putting on a member in each State, as far as we could, or 
something of that kind, in order to carry out this line of work in 
bringing the attention of Congressmen and Senators in various 
parts of the country to the importance of this measure. 

Dr. Doremus :—t would say that the American Chemical Society 
which is a national society, has taken this up, and that the differ¬ 
ent agricultural stations throughout the United States are highly 
interested in the matter, and that the Department of Agriculture, 
especially the chemical division of the Department of Agricul¬ 
ture in Washinsrton, is extremely interested, and has pushed the 
matter quite some, so that there is a very good chance for proper 
influence to be brought to bear to show the necessity and the 
needs of the manufacturing community, and the scientiflc com¬ 
munity, particularly, to get this bill properly presented to Con¬ 
gress, and I believe that our national societies would gladly co¬ 
operate. 

Mr. E. H. Murmm I was speaking the other day to a Con¬ 
gressman, who is now Serving his sixth term in Washington,, 
about this very bill, and he told me that if deputations were to 
go down in support of the bill, it would be of the best service 
in January next. He also told me that the most practical means 
• of urging this bill upon the various Congressmen was for each 
member of each institution such as this, to write to his local Con¬ 
gressman from his own home and bring that pressure to bear, 
and he also said a third thing, and that was that the Washington 
officials should keep as much in the background as possible. 
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He is in favor of the bill himself, and will do his utmost to help 
to pass it. 

Me. Feedeeick V. Henshaw : — It seems to me that there are 
some important factors in this question which possibly have not 
been brought up. I came in a little late, perhaps they were 
mentioned before. I do not wish in any way to belittle the 
effect of societies and scientific institutions on legislation, but I 
think they need a little more backing if anything is going to be 
accomplished satisfactorily. A good many societies have been 
working on the patent office question fora good many years, and 
I do not see that they have gotten any very satisfactory fruit. 
How, if this Government Bureau is to be of great advantage to 
the manufacturers of this country, as 1 think everybody concedes 
it would be, there is one factor. If you can get the rich cor¬ 
porations and the men of influence interested in manufactures 
to use their weight, that would be one thing. Then there are 
the army and navy. I notice in Prof. Oarharfis paper he speaks 
of a communication from the United States ISTavy in regard to 
standardizing. The navy is working towards various standards 
both in mechanical and electrical engineering features, and the 
Army of course is doing the same thing to a somewhat less ex¬ 
tent. Now, if a bureau could be established which could fix the 
standards for both the army and navy, it would simplify a great 
rnany things, and be of great benefit, and if the engineer officers 
of those two Government departments were strongly in favor 
of this I think it would be a very great factor in the’ establish¬ 
ment of such a bureau. 

Captain S, Rebee:— In answer to the suggestion just made, I 
may say that as far as the army and navy are concerned, I 
know they are both very much interested in the establishment 
01 this bureau. 


As a result of practical experience I agree with the statement 
that a resolution of a society does have the weight with Congress 
that It perhaps should. Congressmen, as a rule, do not tafe in¬ 
terest in the advancement of pure science or its application, but 
are much more responsive to personal pressure than to a series 
ot formal resolutions from a technical society. 

Me. Mellin How would it do to have a circular letter sent 
to all the members of our Iestitutb asking each member of the 
Institute to write a letter to his local Congressman in support of 
this measure .■ As I have heard about the measure, it is this way • 
It so nearly, passed at the last session that it would pass with 
proper pressure in the short session, but it is one of those meas¬ 
ures that if It goes over for a year or so becomes one of the 
regular annuals m the House that they always think of passing, 
and never pass. Ion have an excellent opportunity now, and 
peCiaps as good an opportunity will never occur again. 

f Pebsident r—This matter is iu the hands of a Committee 
■of the Institute; it came up to-day at the Council meeting, and 
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it was decided to ask the Chairman of that Committee to report 
on what the Committee considered to be the best action for the 
Institute to take. Any members having any suggestions to 
make, would do well to communicate with this Committee of 
the Institute. 

De. Feancis B. Ceockee I visited the Eeichsanstalt some 
time ago, but the matter is so forcibly stated in Professor Car- 
hart’s paper, that there is very little to add in the way of an argu¬ 
ment, and apparently the matter of bringing it favorably to the 
attention of Congress is in the hands of a committee. It seems 
to me there is not very much to be done. It appears to be the 
unanimous opinion of all our members here, and I think of the 
absent members, that it is a very desirable thing to bring about. 
In fact, it is so clearly true, that it is hardly necessary^ to add any 
testimony. The question has been up for a long time, I re¬ 
member when Dr. Mendenhall was Superintendent of the Coast 
Survey he made a beginning in this movement to establish an 
electrical bureau or electrical department in the Bureau of 
Weights and Measures. I might add that this Government is 
not so verv deep in barbarism as some of the speakers would im¬ 
ply. The" Bureau of Weights and Measures has standards that 
are as good as those possessed by any country, and it is perfectly 
able to verify or to compare those standards with others that 
may be submitted to it. The Coast Survey of this country is a 
scientific department which has done most admirable work. In 
the measurement of base lines, for example, it is unexcelled, and 
its pendulum determinations of gravity are fully equal to those 
done anywhere else. So we already have started and started 
many years ago in this direction. It only remains to give addi¬ 
tional assistance and money, to carry the work into the electrical 
field especially, and the chemical as well, in order to have a 
scientific department in Washington vrhich would be very credit¬ 
able. I think myself that the influence of the various national 
bodies, if brought to bear directly—if the committee report con¬ 
tained the official endorsement of the various bodies—I am sure 
that it would have weight. A Congressman is also affected by 
personal infiuence ; but in a matter of this kind it is largely a 
question of whether it is a desirable thing to do or not. It is 
not a personal matter; it cannot be made a personal matter, 
and it seems to me that this body and other bodies should put 
themselves squarely on record, and that record should be, if 
possible, placed before the Congressional Committee, and at¬ 
tached to the bill in some form, and I am very sure it would 
have some weight. Of course adding to that the personal influ¬ 
ence of the various members and bringing pressure to bear on 
the local Congressman would still further influence the result. 
But it seems to me the thing is so very desirable, that it is only 
necessary to bring it up to have it pass. 
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The President : — If there is no further discussion, I will show 
briefly how the spherical candle power of incandescent lamps is 
measured at the Peichsanstalt. It is quite ingenious, but it may 
not be new. The lamp is placed in a horizontal position, in the 
axis of the photometer, and is stationary. Around the lamp are 
revolved two flat mirrors making a certain angle with the axis. 
The direct light is cut off by a black screen. The light which 
is measured is that which falls on the mirrors, and is reflected 
into the photometer. The advantage of course is that you do 
not revolve the lamp, and the filament is therefore always in 
^xactly the proper position. In this country I believe the lamp 
is generally revolved. With high voltage lamps the filaments 
are rather long, and if you revolve such a lamp rapidly enough 
to get no flicker in the photometer, the filament is apt to bend 
over to one side, due to centrifugal force. 

[Adjourned.] 


[Communication" Received after Adjournment.] 

Dr. a. E. Kennklly : — There can be no doubt as to the great 
importance of the work which the Charlottenburg Institution 
has carried on through the last decade. The researches which 
have been carried on there have been of great value, not only to 
Germany, but also to the whole scientific world. The work of 
such an institution fosters scientific inquiry, indirectly promotes 
justice and morality, and directly aids ingeneering. There can 
be no doubt that such an institution in America would be a mat¬ 
ter of national importance and advantage. Consideiing the 
enormous value to modern civilization of scientific knowledge 
in general and of engineering, or technical knowledge in par¬ 
ticular, it is difticult to imagine a more useful type of institution 
than^ the Eeichsanstalt. No public gift could be of greater 
public advantage than such an institution, unless, perhaps, a 
hospital or a university. 

The founding and endowing of such an institution by Govern¬ 
ment would naturally depend for its economic justification upon 
the more purely utilitarian aspect of such a bureau as a national 
industrial asset. It would seem that, from this standpoint also 
the expense incurred in such endowment would be justifiable! 

place, one of the duties of such an establishment 
would no doubt be the care and comparison of all physical 
standards, such as those of length and mass, and which already 
pquire and receive appropriation from the national coffers The 
institution would be, therefore, but a natural extension of a 
bureau already existing at ‘Washington. In the second place, 
the institution would, it properly administered, be reimbursed of 
a large porportion of its expenses in the fees which it would re¬ 
ceive tor the comparison and standardization of chemical and 
physical apparatus for industrial purposes. The saving to the 
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■community in expenses which are now rendered necessary by 
the want of a, national standardizing bureau, would more than 
pay for the deficit, on any reasonable scale of expenditure. All 
fhis, however, naturally rests upon the assumption that such an 
institution was conducted and controlled on civil-service prin¬ 
ciples, as distinguished from political principles. If the bureau 
becarne a mere political office, a splendid opportunity for the 
fostering of knowledge, skill, accuracy, engineering and trade 
would be more than wasted. 
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New York, October 24:th, 1900. 

The 14Yth Meeting was held this date at 12 West 31st Street, 
and was called to order by President Hering at 8.20 p.m. 

The Seceetaey :—At the meeting of the (Jouncil this after¬ 
noon it was voted to hold the next Oeneral Meeting at Buffalo, 
and although the exact date was not determined upon it will 
probably be about the middle of August. At the same time the 
question of inviting foreign societies was considered, in return 
for the courtesies extended to the fosTiTUTE during the present 
season, and a committee of five was appointed to formulate and 
present to the Council a programme for the meeting and various 
entertainments next summer. The committee consists of Mr. 0. 
O. Mailloux, Chairman, Mr. Sever, Dr. Sheldon, Mr. Lieb and 
the Secretary. 

At the same meeting this afternoon the following Associate 
Members were elected: 


Aylmek-Small, C. Sidney 

Burdick, Iryinc Edward 

Fowler, Geo. W. 

Glass, Louis 

Hassler, Chas. T. F. 


Assistant, Electrical Engineer¬ 
ing Department, Columbia 
TJniversity, New York; resi¬ 
dence, 52 Franklin Avenue, 
Passaic, N. J. 

Treasurer and Engineer, Na¬ 
val Electric Co., 95 Liberty 
St.; residence, 115 West 49tli 
St., New York. 

Electrical Expert, The C. & C. 
Electric Co., Westfield, N. J. 


Assistant General Manager, 
Pacific Telegraph and Tele¬ 
phone Co., Telephone Bldg., 
San Francisco, Cal. 

Electrical Engineer, “Union’' 
Co., Biga, Russia. 


F. B. Crocker. 
Geo. F. Sever. 
F. Townsend. 


Chas. W. Price. 
Ralph W. Pope. 
F. E. Kinsman. 


John L. Hall. 
Chas. Hewitt. 
Theo. Spencer. 

J. A. Lighthipe.. 
H. A. Russell. 

C. W. Waller. 


0. P. Steinmetz. 
Ernst J. Berg. 
Eskil Berg. 
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Hsitmann, Edwakd Jr. 


Pakshall, August 


Eossi, Harold J. 


Eustin, Henry 


Smith, Samuel James 


Stitzer, Arthur Bowers 


Stanley Electric M’fg. Co., 0. C. Chesney. 
Pittsfield, Mass. John F. Kelly. 

F. A. C. Perrine. 

Commercial Engineer, Supply H. F. Parshall. 
Department General Electric J. R. Lovejoy 
Co„ 83 Cannon St., London, H. M. Hobart. 

E. C. 


Electrician, Puebla, Mexico. 


C. F. Beames. 
P. H. Evans. 
C. W. Evans. 


Chief of the Mechanical Bureau, Geo. F. Sever 
The Pan-American Exposi- Luther Stierinffer 
tion, Buffalo. N. Y. T. C. Martin. 

Salesman and Installing Engi- Fred D. Sampson, 
neer, Crocker-\^heeler Co., Gano 8. Dunn 
Y. M. C. A. Building, Char- F. Y. Henshaw. 
lotte, H. 0. 


Thompson, Warren Ray 


Draughtsman, Union Traction Chas. Hewitt 
Co.; residence, 1909 Korth Minford Levis. 
Camac St., Philadelphia, Pa. R. H. Zlauder. 

Thomas, Percy Holbrook Electrical Engineering Depart- Chas. F. Scott 

ment, Westinghouse E. & M. L. B*. Stillwell 
Company, Pittsburg, Pa. A. J. Wurts. 

Assistant in Electrical Engin- R. D. Mershon 

S. A. Lardner.’ 
White & Company, 29 Broad- J. J. Kennedy 
way, New York ^ 

Walmsley, Waltbe Newbold Superintendent of Con- Chas. Hewitt 
struetion, American Engi- C. A. Brase. 
neering Co., Pomeroy, 0. Minford Leris. 
Professor of Electrical Engin- H. C. Jackson 

S“.i'^®rsity of Maine, S. B. Portenbaugh. 
Orono. Maine. B. S. Lanphear! 

Contractor and Expert, 1010' H. C. Spaulding 
Mas Building, Boston, C. K, ^earns. 


Webb, Howard Scott 


Wheildon, Louis B. 


Whitehead, John B., Je. Associate in Applied Electric- 

ity, Johns Hopkins Univer¬ 
sity, Baltimore, Md. 

WiESELQEEEN, Cael Emil Tonkoping, Sweden. 


Ralph W. Pope. 

L. B. Stillwell. 

C. T. Hutchinson. 
Ralph W. Pope. 

Ernst J. Berg. 

W. I. Slichter. 

Watt? t tj C. P. Steinmetz. 

* Contracting and Engineering, Geo. P. Low 

Honolulu, H. I. p, p. 

A. B. Brooke-Bidley. 

Total. 19. 



Inaugural address by the President at the l^yth 
meeting ojT the A merican Institute of Elec¬ 
trical Engineers^ New York^ October 
JQOO. 


THE PAKTS EXPOSITION OF 1900. 


BY GAEL HEEfNG. 

A large international exhibition, like the one about to close, 
may be judged from two standpoints. For commercial reasons 
a necessary feature is its general attractiveness, that is, its beauty, 
arehitectnrally as well as in the arrangement of the grounds and 
in the decorations, its proper combination of instruction and 
entertainment, and its purely entertaining features. On the 
other hand such an exhibition should be ,a representation of what 
is called the state of the art in the various industries, and to a 
certain extent at least, show the relative importance of com¬ 
peting industries. 

From the first of these standpoints this exhibition may be said 
to have been a great success. It certainly was very beautiful 
and attractive, and in this respect it was typically French, for to 
the Frenchman such an exhibition would be a failure if it were 
not beautiful. "While there were undoubtedly a few archi¬ 
tectural features that might be criticized unfavorably, yet in 
general the buildings and arrangement of the grounds left 
little to be desired, although the absence of straight lines in the 
architectural decorations of the main buildings might not meet 
with the approval of every American, for in this respect they 
differed typically from those in the Chicago exhibition. The 
arrangements and decorations of the characteristically unsightly 
interiors of long exhibition buildings, were also very tasteful 
and effective, although the avoidance of a regular system of 
aisles made a systematic study of the exhibition an almost hope¬ 
less task. In some of the attractions, such as the Optical Palace, 
the underground mines, etc., instruction and entertainment were 
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combined, but as a rule the too numerous “side shows” were for 
amusement only, and were typically French. 

From the other standpoint, that of showing the state of the 
arts, the exhibition may have been, and undoubtedly was, a suc¬ 
cess in many departments, but that claim can hardly be made for 
the electrical industry. For France, Germany, Switzerland, and 
a number of the other continental countries, the electrical ex¬ 
hibits doubtless represented the true state of the art and the best 
general practice as far as these countries were concerned; but 
the absence of a proper representation from the United States 
proportionate to the enormous development, made the exhi¬ 
bition an incomplete representation of the present state of this 
important industry. Any one judging its development in the 
respective countries by their exhibits, would have obtained a very 
wrong impression of its progress in the United States, or of the 
general practice here. We sent over a few excellent electrical 
exhibits, and they were greatly admired, but there was general 
disappointment that a country in which the electrical industry is 
known to be so largely developed, was so inadequately represented. 
This 18 all the more unfortunate at the present time when our 
export trade of manufactured articles is growing so rapidly, and 
when our electrical practice, in certain directions at least, is 

thought so well of by foreigners that many of them come over 
iiere to study it. 

The fact that several of our largest manufacturers have ceded 
their rights in foreign countries to local companies and therefor© ' 
claimed to have no interests there, may explain in part the 

g electrical exhibits, 

t unfortunately these local companies do not alwavs follow 

manufacture the goods on the same 
scale and in the same way, so that their exhibits were not as a 
rule representative of our products. 

represented in the electrical 

but ?n t exhibitions, 

Mt another reason is no doubt the unfortunate political relation 

fail to^renrM other groups also seemed to 

il to represent the proper magnitude of the respective in- 
dustries m that country. in 

forme. Miter 
exhibits in most of the groups in¬ 
cluding the electrical. Another feature of interest pofiticaJly, is 
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that Hungary had in many respects better exhibits than its step¬ 
mother country, Austria, and was represented as an indepen¬ 
dent nation; it bids fair to become one of the greater industrial 

countries of the east. ^ ^ ^ 

The question is frequently asked how the Paris exposition 
compared with the one in Chicago in 1893. As both were very 
large and creditable, a comparison becomes difficult.and in order 
to give an opinion of any value one ought to have studied both 
equally thoroughly, and under equally favorable condition^ 

It is also largely a matter of individual taste, and depends 
on the nationality of the one giving it, as also on the extent 
of his knowledge of French. The area of the Pans exhi¬ 
bition was 336 acres, which together with the annex made it 
about half as large in area as the fair in Chicago which had about 
1000 acres The average number of paid admissions seems to have 
been about double in Paris, due to the fact that it was so 
managed financially that the average admission was about seven 
to ten cents as compared with somewhat less than fifty cents 
at Chicago. Americans seem to have obtained their unfavorable 

views from antagonistic English papers. 

It is thought safe to say that the Paris exhibition, taken as a 
whole, was more generally beautiful in details, but that it con¬ 
tained no single group as magnificent as the famous Court of 
Honor nor were the illumination effects as fine as at Chicago, 
where they were electrical, while in Paris gas was largely used the 
whole of the largest open area, the Champ de Mars, being a bril¬ 
liant mass of incandescent gas lamps. Neither had as finely iM- 
minated fountains as the exhibition of 1889 in Pans, al hough the 
background to the poorly illuminated fountains in the present 
exMHtion, forming the famous Chateau d’ Eau or Water Castle, 

was Y6ry bGautiful and attractive. 

The means of getting to and from the exhibition were very 
poor as Paris has unquestionably the worst managed tramway 
and ’’bus system of any large city in the world; its cab system, 
the best and cheapest of any large city except perhaps London, 
was of course entirely inadequate and too expensive, for the 
•exhibition traffic. The exhibition however had the great ad¬ 
vantage of being practically in the city itself, and in one which 
is admitted to be the most beautiful in the world offering many 
attractions to visitors, and containing treasures which nia,ke it in 
itself an exhibition worth going to see. The Pans exhibition 
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was decidedly more truly interuational than the one in Chicago, 
and the social intercourse of those officially connected with it was- 
for this as weli as for other reasons, including the generous hosph 
tality of the French, more interesting. 

The electrical exhibit was greater in Chicago, where it filled a 
arge separate building, while in Paris it was confined to a moder¬ 
ately small part of one of the buildings. 

Among the classes of exhibits of well-developed industries, 
there were three in particular which may be mentioned here 
specifically, as each marks a distinct and important direction of 
development, and was exhibited for the first time very promi¬ 
nently at a large international exhibition. They are the automo- 

(^"own here as the 'Welsbach,) 
and the three-phase generators, motors and systems. The auto¬ 
mobile exhibit wastvery large, but unfortunately for the electrical 
mdustry, it seems that the gasoline vehicle is gaining very fast 
m the race w.a the electric. la Parle where aatomobile^ a™ 
being used quite extensively, the quiet but heavy electric vehicle 
is seen only occasionally, while the light but noisy and malodorous 
no using gasoline, is heard and smelt very frequentl y. The in- 

SaJ'tTf numbers on the Champ de 

Mais the oDly large open area in the exhibition, where arc lights 

chght must admit thatthe illumination produced by it was very 

is gettbi to bT dazzling. This lamp 

getting to be a very senous competitor to the electric lisht 

TolTr f particular in fhe 

home Oh its birth, Austria-Hungary, are having serious difficnltv 
m competing with it ThpfhiV^ ? serious difficulty 

hibits thp fhvac 1 ‘ ^ ^ prominent classes of ex- 

AnotLV^r'^ T“r“ "> M"’'- 

fct- r^r ^ mtereet to the electricions is that 

m™.ip is ,i„i.ed‘;o’ IrowMd' 

Much else might be said about the exhibition in general but 
Eogtad were very deUcient in scope. It was 
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that it was less of an electrical exhibition than the one at Chicago. 
There were moreover no quite novel, epoch-making electrical in¬ 
ventions shown, although a few quite interesting ones that were 
alreadv known to readers of the electrical journals, were exhibi¬ 
ted there for the first time. Detailed descriptions of all the im¬ 
portant apparatus have doubidess been or will be given, m the 
electrical journals where they more properly belong and where 
they can be read at one’s leisure, and therefore no attempt will be 
made here to give such descriptions, even if time permitted, the 
intention being merely to mention some of the chief features and 
to make some general observations. 

One of tlie striking features was the great prominence of three- 
phase generators,- and their size. One obtains the impression that 
the three-phase current has triumphed over all the others, in¬ 
cluding the continuous current, when large amounts of power are 
concerned, and that it would be poor practice now to install large 
units of any but the three-phase system unless one is forced to 
use another. There was shown a decided tendency toward the 
use of large units, and quite a number were exhibited having 
outputs of about 1,000 kilowatts and over. The greater humber 
were for three-phase currents and all formed the fly-wheel o 
their direct-connected slow-speed engines, while all of the few 
large continuous current machines exhibited, had to have a 
separate fly-wheel. That the fleld is made the revolving part 
seems to be almost universal practice, as also the distributed 
winding on the armature. Single and two-phase alternators and 
large continuous current machines were the exception. ’ 

Two very ingenious attempts were shown to compound large, 
three-phase generators, without commutating the main current, 
one by Hutin and Leblanc and the other by Boucherot.^ Both 
excite their direct current and mechanically coupled exciter, by 
means of the three-phase alternating current, the exciter therefore 
having a revolving fleld but flxed brushes; in both, the excitation 
of the exciter is dependent on the voltage of the alternator and 
on the main current, in the former by means of a shunt and 
series field magnet coil, and in the latter by means of a trans¬ 
former combining the effects of both. To obtain direct current 
from such an exciter the connections between the commutator 
and the coils in the former are reversed according to a certain 
law while in the latter the armature has several windings d^e^ 
ing’ in their number of turns according to a sine law. Loth 
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claim to keep the voltage of the generator constant for different 
currents and load factors. It will be noticed that there is no 
commutation except that of the small exciting current in the 
direct current exciter. Whether they are better or worse than 
commutating systems used here, practice alone can decide. 

it does not yet seem to he 
P a 01 arge units at least, a cheaper attendant than 

these would require, with his hand on the rheostat and his eyes 
on the voltmeter, is not a more practical solution. 

•+ ^^'^^tisseur of Hutin and Leblanc, consisting of a short- 

pmllel rnnmag, seems to be meeting »ith some W and is 
mg commented upon very favorably . 

The largest generator exhibited was a 72-pole, 3 000 k w 
admft^o/BerlTn f" ^iig®»ieine Elektricitaets Gesell- 

weight about 160 tons, and diameter of revolving field about 
da- ' ,1 + under construction. It was 

generators of 4,000 k. w. and over are in use in this country at 
even slower speeds. Several others above 1,000 x. w. were sho wf 
he slowest speed being 72, of the 2700 k. w. mixed sinde and 
three-phase current Helios machine ^ ^ 

;=:ts‘:.S*55= 

Oesellsehaft, which even in Ahgemeine Elektricitaets 

A. E. G.,’i. 4.;rdiitns iigir44“ 

bmWmgs .fe,en smStLtL Swr T 

used, the third being availaZ f t i ^ 

lamps, if necessary, for balancine Thet”?^^ f 

omi, do, aiflb^ b “ 2 ?: 
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arately ; but tins is not considered a serious disadvantage. The 
Oerlikon Co. on the other band, connects lamp circuits between 
the ends of only two of the three branches of a star-connected 
winding, the third branch being then idle; this enables the volt¬ 
age of that single-phase alternating current circuit to be regulated 
at the machine. By overloading these two circuits 15^, tlie capa¬ 
city of the generator is about the same as for motor circuits with 
a power factor of 0.8. The units in a station can then be alike, 
and it does not interfere with paralleling, or running motors 
and lights from the same machine if necessary. Another method 
used in Switzerland but only with two-phase generators, is to 
construct a sort of .double machine, the two halves of which may 
be mechanically displaced relatively to each other to generate two- 
phase currents for power purposes, or they may be connected in 
line with each other to generate single-phase currents for lighting. 

The high voltage, direct current series system for power trans¬ 
mission and very limited distribution, made another and probably 
unsuccessful appeal for recognition, in the form of an exhibit by 
its indefatigable champion, Mr. Thury. 

The large engines exhibited were as a rule slow speed, which 
is the prevailing practice on the continent. The very high-speed 
steam turbines are also meeting with favor. 

Among the various types of motors, the most interesting was 
the three-phase induction or Tesla type, which seems now to have 
•demonstrated its superiority over all the others except perhaps 
the continuous current motor, upon whose field it is however en¬ 
croaching very decidedly, with the present prospect of becoming 
its equal in importance. The largest company in Germany and 
perhaps in the world, estimates that its sale of three-phase induc¬ 
tion motors will before long exceed that of its continuous current 
motors. Its very large factory, including even the rolling mill, 
is equipped with these induction motors mostly direct connected. 
There is a single textile factory in Switzerland in which 500 of 
these motors are used for direct driving. The induction motors, 
-almost exclusively of the three-phase and not two-phase type, are 
being introduced very largely now, especially in Germany and 
Switzerland. 

A nearly uniform type seems to have been adopted by most of 
the makers. In thi8,..the primary circuit is the stationary one, 
und is distributed over the surface like a drum winding, as dis¬ 
tinguished from the coils used in the earlier forms of Tesla. 
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It is this distributed winding which is the chief improvement 
that has made them such a success; it seems to have been first 
introduced by Dobrowolsky in JBerlin. The larger ones are al¬ 
most always^ started with a resistance in the secondary external tO' 
the motor; in some cases a diort-circuiting device is provided on 
the^ rotor for use after starting, so that the brushes may be raised 
while running, to prevent wear. It will be noticed that in some 
respects this nearly universal practice abroad differs from that in 
this country where even very large motors up to 800 n. p. if not 

more, are made without any brushes, being started with a trans¬ 
formed current at lower voltage: others are made'with the start¬ 
ing resistances on the rotor itself, which also dispenses with 
brushes. 

Among the few other devices exhibited for starting such motors, 
the object of all of which is the avoidance of slide rings, may he 
mentioned the ingenious one of Fischer-Hinnen, who uses an in¬ 
ductive resistance of very low ohmic resistance, in parallel with 
a non-inductive one of high ohmic resistance; together they act 
hke a high ohmic resistance when the motor starts, owing to the 
high frequency of the secondary currents, and diminish automat¬ 
ically as the motor increases in speed, because the frequency of 
the secondary then diminishes; they are permanently connected 
to the rotor.^ In the Deri motor the number of poles is changed 
y a switch in the primary, and the resistances are permanently 
connected between points of the secondary wliich have a differ¬ 
ence of potential for one number of poles, but are of the same 
potential for a different number of poles; they are therefore 
either m or out of circuit and admit of no gradation, which is a 
disadvantage. Boncherot uses practically a double motor, the 
held of one of which, may be mechanically turned through a cer¬ 
tain angle for starting; the two secondaries are permanently 
short-circuited in series with each other, but have resistances con¬ 
nected between the coils through which the secondary current is 
forced to pass when one of the fields is displaced, but only then • 
it seems like a rather complicated device as compared with the 
simpler slide rings which it replaces. 

For the A. E. Gl. induction motors, Dobrowolsky claims that 
they will stand a 200^ overload, have a power factor of over 0.9' 
and still give the normal output for two thirds the normal vol- 
tage. 

Induction motors are built on the continent for high voltages 
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Up to 6,U00 and I believe even 10,000, thus saving the transfor' 
mers for all but higher voltages than these. 

As to single-phase induction or non-synchronous motors, it 
looked as though most of their makers thought it best not to ex¬ 
hibit them, or to evade questions asked about them. Among 
the exceptions may be mentioned the Brown and the Oerlikon 
motors both of wliich start with an auxiliary winding. Brown, 
who 'Constructs them up to 100 h. p., states that they start with 
J to t f losid torque at about normal full load current. He 
has even made them for starting with full load torque at about 
double normal current. The air gaps are very small, from 1 
to 14“ ni. A cheap liquid condenser made of iron plates in 
soda solution, is used for producing the artificial starting phase. 
The Oerlikon motors are claimed to start with J normal torque 
requiring S0% normal current, and to stand an overload of 50^. 
An impedance coil is used for starting. 

A very interesting installation of single-phase motors, and 
quite a unique one, exists in Frankfort o. M., Germany, where 
about 500 such motors, mostly by Brown, are connected to the 
large single-phase alternating current plant, the motor load of 
which has leveled the load curve very decidedly. They vary in 
size up to 100 H. p. and are used even for elevator work. They 
appear to be satisfactory to the users, even though they must al¬ 
ways be started unloaded. This is probably the largest motor 
plant of its kind and shows what can be done even with single¬ 
phase motors. 

One of the applications of three-phase induction motors which 
is of special interest, and which seems to have a promising future, 
is to traction. This three-phase traction system, which is scarce¬ 
ly known in this country, is in regular and apparently very 
successful use on a number of lines in Switzerland, where it is 
being introduced by such well known constructors as Brown, 
Boveri & Co., and the Oerlikon Oo. A few of these roads were 
visited by the writer and as far as could be learned they were 
running very satisfactorily. The double trolley wire, wliich is 
essential, and which has often been urged as being such a serious 
objection, does not seem to give any trouble at all; each locomo¬ 
tive or car had even two contacts with each wire. Many of the 
alleged objections are overcome by the use of the contact bar in¬ 
stead of the trolley wheel, which completely avoids any jumping 
ofiE of the pole, and greatly simplifies the. overhead wiring at the 
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switclies, wMch is in fact not complicated at all. The motors 
are started with resistances in the secondary as usual. There is 
no complicated controller, as the two motors are always in 
parallel. The trains start well and without difficulty, and it 
seems, without any very abnormal current. The chief objection 
to the system seems to be that the running speed is always the 
same, in which respect it is like a cable road; it is therefore not 
possible to make up lost time except on a down hill coast, while 
on steep up grades there is a considerable demand for power as 
the speed is always the same maximum. Ho system of efficient 
speed regulation is used, presumably because none has been found 
to be satisfactory. This seems to be the real and serious objec¬ 
tion to the use of the system in this country, where high speed 
seems to be an essential requirement. One of the freight loco¬ 
motives was provided with a purely mechanical device for halv¬ 
ing the normal speed, but no other information could be ob¬ 
tained than that it was then in the repair shop. 

On that bold enterprise, the Jungfrau Balm, which will ascend 
one of the highest snow peaks in Europe, a very ingenious and 
apparently novel device is used on one of the Oerlikon three- 
phase locomotives, in order to enable a train to descend to a hab¬ 
itable region even if connection with the power house is broken 
or if something should happen to the trolley wires or poles. Or¬ 
dinarily in descending, the induction motors act as generators 
sending their'current back into the line, which therefore must 
be mtact. The device referred to, consists of a small direct 
current generator driven by the descending locomotive, the cur¬ 
rent from which is led into one branch of the star or Y-connected 
primary and out at the other two ends in multiple ; this excites 
the motor and it then pnerates alternating currents in the sec¬ 
ondary which are dissipated in the resistances used for starting • 

It thus operates as an electric brake without being in contact with 


While three-phase traction in its present state would probably 
not be practicable here for cities, there seems to be a field for it 
on long distance mterurban lines with few stops, as it is much 
cheapei The estimates for the Jnngfrau Bahn showed that the 
first cost would have been 50^ greater if the continuous current 
had been used on the locomotives, as is done in this country. 

motorrir^^**^ C’^i’^ent generators and 

motois m general, there is a characteristic difference between 
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European practice and tbat in this country which seems wprth 
mentioning. Here the coils are usually form-wound and then 
laid into open slots; there the wires are more generally threaded 
through completely closed holes as in the Oerlikon and Brown 
machines, or through holes of which the webs have been cut 
through with a very thin saw cut, as in the Dobrowolsky ma¬ 
chines of the A. E. G. Mr. Brown gives the following reasons 
for his preference : lower magnetic resistance, smooth surface of 
core, seamless tube insulation, solid poles, ease in parallel run¬ 
ning and avoidance of wedges, binding wire, etc.; his experience 
is that it takes as long to replace a form-wound coil as to thread 
in a new one in place. Dr. Behn-Eschenburg, the engineer of 
the Oerlikon company, gives his reasons as follows: The 
smoothness of the surfaces enables the air gap to be made as small 
as 0.001 of the diameter in induction motors, which is hardly 
possible with teeth; with a web over the hole of only 0.1 m. m. 
the coefficient of magnetic straying can be reduced to 0.04 and a 
maximum power factor as high as 0.92 can be obtained; the 
maximum torque will correspond with 3.5 times normal current, 
and the possible overload can be 2.5 times the normal; if the 
holes were changed into teeth, all else remaining the same, the 
magnetization current would be at least doubled, the straying coeffi¬ 
cient reduced to about 0.03, and the besk current for the resulting 
maximum power factor of 0.94 would then be more than doubled 
and the copper conductors therefore increased, or for the same 
load the power factor reduced to 0.91 ; the slotted armature 
would have to be made longer axially if it is to have the same 
current at no load as the one with holes; moreover, seamless in¬ 
sulation tubes of micanite can be used in the holes, which if 1 
m. m. thick will be quite safe for 3,000 volts. However he quite 
impartially recognizes the favorable features of slots with form- 
wound coils and admits that they may outweigh the others if a 
factory is suitably equipped for such work ; he believes that under 
certain circumstances the one, and under others the other, is the 
better. 

Another interesting characteristic difference between Amer¬ 
ican and continental practice, is that here synchronous converters 
combined with transformers are more generally used for transfor¬ 
ming high voltage three-phase currents into low voltage direct 
currents, while on the continent dynamos driven by high voltage 
induction or synchronous motors are the rule. Although the fa- 
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vorable features of each are well understood, the reasons given 
by such a successful constructor as Brown for preferring motor- 
generators, may nevertheless be of interest here. He states that: 
they can be regulated with ease and precision; no transformers; 
both parts can be better designed without making concessions; 
no hunting; ease in starting; no depolarization possible; secon¬ 
dary voltage absolutely independent of the primary. He admits 
that tlie synchronous converter is cheaper and more efficient, but 
claims that the differences are but slight; he has obtained 90^ 
combined efficiency for a 250 k. w. motor-generator set. 

The difficulty of not being able to regulate the voltage of a 
synchronous converter, is overcome by Dobrowolsky in a very in¬ 
genious and apparently successful way. Instead of passing the 
continuous current through a booster, which would require an 
expensive machine, and generally with a very large commutator, 
he passes the alternating current through an alternating current 
booster on the same shaft; this is separately excited with a con* 
tinuous current and therefore permits of regulation. The one 
shown to me would raise or lower the voltage 25^ making a 
range of adjustment of 50^. It either drives or is driven by the 
converter. Although this overcomes one of the chief objections 
to synchronous converters, he has not changed his preference for 
motor-generators. 

Another modification of interest used by this same engineer 
and others, is that six-phase instead of three-phase currents are 
led into the synchronous converter, the advantage being that its 
output is thereby increased, according to a French constructor 
about 45^. The attending disadvantage of six slide rings instead 
of three, is said to be more than balanced. The general use of 
three-core transformers, for three-phase currents instead of a sin¬ 
gle one for each phase, as is customary here, is another instance 
of a difference in practice. 

It was of some interest to note the almost complete disappear¬ 
ance of the Gramme ring armature among generators and mo¬ 
tors, and the use of multipolar fields for smaller sizes than for- 
merly, especially with motors. The Dobrowolsky system, hardly 
known here, of supplying three wire circuits from a single gene¬ 
rator, by connecting the neutral through induction coils and slide 
rings to two opposite parts of the armature winding, seems to be 
meeting with favor on the continent. 

A criticism of American motors made by a prominent German 
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manufacturer who has bought and tested many, was that an 
American horse-power was only three-quarters of a real horse¬ 
power. 

In electric railroading there seemed to be comparatively little 
of special interest to Americans, besides the three-phase motor 
system and the contact bar, already referred to, both of which 
deserve more attention here than they are getting. The new 
Metropolitan underground electric road quite recently opened in 
Paris, is apparently an excellently constructed but wretchedly 
managed road. American management would diminish the total 
time of transit and increase the profits greatly. It is an improve¬ 
ment over the new underground road in London in that motor 
cars are used instead of locomotives, but being directly under the 
street instead of very deep, as in London, the excellent device of 
a descending and an ascending grade between stations, to aid 
acceleration and stopping, cannot be taken advantage of. Both 
of these roads use American electrical machinery. 

The two new electrically operated extensions of several steam 
railroads into the central parts of Paris; the new and much 
needed electric railroad to Versailles; and the new conduit road 
in Paris, are all of interest. A surface contact line and one 
using accumulators, are also being tried in Paris. The Western 
Eailroad, one of the largest steam railroads of France, is making 
very extensive preparations toward introducing electric traction 
•on its lines by more improved methods than its Heilman loco¬ 
motives. If our steam railroads were as enterprising, the re¬ 
placing of steam by electric traction would progress more rapidly 
here. Through the kindness of Mr. Clerault, the chief en¬ 
gineer of this enterprising steam railroad, our Institute had the 
pleasure of accepting an invitation for a personally conducted 
visit to its enterprising plant. It has already in operation in part, 
a large three-phase power station near Paris, accompanied by ex¬ 
tensive laboratories; has constructed an electrical extension of 
its steam lines toward the center of the city; is building the new 
electric line to Versailles over an excellently constructed and 
well graded private roadway, and has under construction a num¬ 
ber of electric locomotives. Paris is therefore at last beginning 
to avail herself of the advantages of electricity for traction, and 
will unquestionably be very greatly benefited thereby. If with 
this modern traction force, a more modern and more American 
system of managing and operating the city tramways were intro- 
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ducedj the Parisians, the many visitors and the owners of the 
tramways, would all be the gainers. 

In the exhibition itself may be mentioned the two miles of 
moving platform which differed from the one in Chicago in that 
the motors were stationary while the rails moved. The third 
rail electric railroad paralleling it bnt running in the opposite 
direction, was virtually an American exhibit and was managed 
more like American roads, making a refreshing contrast to the 
wretchedly managed tramways and omnibuses in the city. Both 
the platform and this railway were fed from two 800 h. p. induc¬ 
tion motor-generator sets made in this country, the induction mo¬ 
tor, started by its mate, being one of the largest ever made. The 
conduit road which was shown, was also virtually one of those 
developed in this country. A short section of the ^^suspended’^ 
lailway was exhibited, but whether this struggle for recognition 
was successful seems questionable. Another curious departure 
shown in operation was the trolley automotor, a system of run¬ 
ning electrically driven vehicles on ordinary roads, but taking 
current from an overhead trolley wire. The novel feature was 
that the small contact carriage running on the two wires, was 
geared electrically to the motors by means of a local three-phase 
current, so that it tended to travel slightly faster, thereby always 

leading and keeping the connecting cable taut. A field for it 

might exist where omnibuses are now used. 


A number of large electric locomotives were exhibited, notably 
one from Berlin, showing that heavy electric traction is making 
progress. One weighing about 45 tons exhibited by the French 
steam railroad known as the P. L. M., was operated with accu- ' 
mulators carried on a tender, but the claims made for it by the 
attendant were so remarkable that a verification is desirable be- 
fore they can be considered. Although it was dated 1896, I was 
told that it was ^^not yef ’ in constant use. 

In electric lighting, one of the most interesting features was 
the debut of the Ifernst lamp. After long and tedious labors on 
the part of the General Electric Co., of Berlin, the interesting 
laboratory experiment of Nernst, that a filament of a non-con¬ 
ductor like magnesia becomes a conductor after it is heated —has 
been developed into a form of high efficiency incandescent’lamp, 
which IS now claimed to be ready for the market; but although 
s^everal hundred were burning there daily- it was not possible to 

buy one. It resembles the usual incandescent lamp except that 
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the bulb is open; the filament is somewhat thicker and much 
shorter than that of a carbon lamp ; the light is very much whiter 
and more brilliant. It can be lighted with a match alcohol 
torch or automatically by a platinum wire preheater with a mag¬ 
netic interrupter. Either alternating or continuous currmts 
can be used but the filament must be exposed to the air. ine 
lamps are made for 25, 50 and 100 o. p. at 2‘20 volts, and there¬ 
fore do not yet compete directly with the usual 16 c. p. lanip. 
The efficiency is said to be 1.5 watts per candle, or a,bout twice 
as good as the present carbon lamp of the same voltage. The 
filament is said to be made of magnesia mixed with the rare 
earths like zircon, thorium, etc. The life is claimed to be very 
satisfactory, though no figures could be obtained, but the perish- 
ishable parts, valued at only 25 per cent, of the probable cost o± 
the lamp, can easily be replaced, the bulb being open. 

The material of which the filament is made, has a 
falling temperature coefficient, much worse than carbon, w ic 
would make it extremely sensitive to changes in ^ voltage, itiis 

is overcome by a very ingenious method to which the presen 

success of the lamp is due; it consists in placing a very fine iron 

wire in series with the filament, the wire being so proportioned 

that it is heated by the normal current to that temperature (about 
450 to 500 degrees C) at which it has a very rapidly rising tem¬ 
perature coefficient; the resulting characteristic of the two in 
Lies is therefore . risiog one. This fine wire co.sun>» i*ont 
10 per cent, of the voltage. The price of the lamp, it is thought, 
may be about 50 cents. 

Among the novelties in arc lamps which attracted some atten¬ 
tion during the few days it was on exhibition, was the 
lamp in which the carbons contain certain salts, like those o 
magnesia, together with finer calcium, that deposits a white ox¬ 
ide on surrounding bodies which acts both as a Nernst conductor 
and a white refiector, the carbons being inclined like 
V A reliable German authority found the efficiency to be 0.13 
watts per hemispherical candle power. The light is said to be 
steady and bright but soft. 

The only enclosed arc lamps exhibited were from this country 
directly or indirectly. These lamps, which are so largely adopted 
here, are scarcely known on the continent, and in France at 
least, it seems that they are not even wanted, on the ground 
that the light is too blue and unsteady, and the efficiency too 
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iow. As manual labor is much cheaper there than here, and arc 
lamps are not used nearly as much, the chief adraitage of this 
lamp IS not appreciated, at least not yet. Tlie are lights there 
are, as a rule, much steadier, and are almost universally connected 

toown. The general type of regulating mechanism which is in 

twi’ f r “ escapement 

Jarbnn descending 

Cored Lvh therefore very sensitive and gradual, 

nsed ^ n ^ ^ moreover almost universally 

110 ' ^a^mps are in series across the usual 

^0-volt_mains, but in some cases as many as three are connected 

in such cases the lamps are 

toted i t ■■'SiI.tiBg ™ecl,.msm is «. 

tnated not only by a shunt coil but also by one in series. 

^*e fixtures were 

ve?v K ^ generally very tasteful, artistic and often 

very beautiful, although frequently marred by external wirinc. 
as with many of them concealed wiring is impractical. The 

BwhehcTlarT" breakers, small 

, mp sockets, motor starting resistances, etc., were fre- 

S ^Tr^' m ^rom an American stand- 

better classes of American goods of this kind. It is hard to un¬ 
derstand why electrically started fires are not more frequent on 

tlTZtZt 

for^teTv switchboard switches 

Ltrodutttn^^ the rapid 

introduction of high tension currents. In many of them the 

well-known double horn is used for extinguishing the arc, which 
is an indication of the effectiveness of this simple device. 
h,Vb°7Jlf “ switchboards, especially for dangerously 

anSrltn Tl T’ ^^itching 

machine, on or under a post or pedes^ 
tal near the machine itself, and so that the attendLt faces the 
machine. The actual switches are under the floor where they are 
out of the way and easily accessible from a pit below, only the 
levers, hand wheels and instruments being on the pedestal • the 
attendant is thereby protected from all the possible danger! It 
18 the standard practice of’the Oerlikon Oo. ° 
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The use of silver fuse wire in place of lead alloys, by a very 
large German company, on the ground of greater reliability and 
constancy, deserves mention. For the same fusing current the 
amount of metal volatilized is the least for silver. 

The non-interchangeable fuses of Siemens and BLalske were of 
some interest and seem to supply a need. 

Among the cable exhibits there were three for underground 
work in which multiple cored cables were subjected to 25,000 and 
30,000 volts alternating, the insulation in one of these being im¬ 
pregnated paper without any rubber. 

A German maker of aluminium goods showed that this metal 
can be welded without solder or flux by simply heating it to a cer¬ 
tain definite temperature at which it softens. The use of alumi¬ 
nium line wires makes this simple method of interest to electri¬ 
cal engineers. 

The number of difierent types of meters exhibited was about 
equal to the number of their exhibitors, but the Thomson meter 
in nearly the same form as made in this country, is the one most 
frequently used; several hundred a day are claimed to be made 
by the French company which manufactures them. The field for 
a good, cheap and simple ampere-hour meter for sm^^ll consumers 
of continuous current, is filled very satisfactorily in France by 
the O’Keenan meter, of which 11,000 are already installed. In 
principle it may be said to be like a d’Arsonval ga-lvanometer or 
Weston instrument, in which however the coil is mounted so that 
it may revolve continuously, the number of its revolutions being 
reo-istered. This coil or armature is a shunt to a very low re¬ 
sistance in the main circuit. It is extremely sensitive and the coil 
requires only 0.6 microwatt to start it; it will register as little as 
5 watts in the lamp circuit or 1^ of its range, has a straight line 
characteristic and is not appreciably affected by temperature 
changes. A somewhat similar one is about to be introduced in 
this country and there is no doubt a large field for it. 

The well-known and ingenious Aron double pendulum meter 
was well exhibited in various forms, including one for three- 
phase currents. It is said to be used to some extent in Germany 
but would probably not find much favor in this country. 

An interesting and promising modification in the Thomson 
type of watt-hour meter, shown in the German section, consisted 
in using a three coil armature like that in the original Thomson- 
Houston arc light machines; this enables the same magnetic 
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force to be produced by a much smaller weight of the revolving’ 
part, with several attending advantages of importance. 

Prepayment meters are meeting with some favor and there 
might also be a field for them in this country among small 
consumers. 

^ In telegraphy the exhibit which seemed to attract most atten¬ 
tion was the very ingenious printing telegraph system of Pro¬ 
fessor Henry A. Howland, of Baltimore. The sender merely 
presses lettered keys like on a typewriter, and at the other end 
the message is received in print on a sheet of paper ready for 
delivery, without requiring any operator. An alternating cur¬ 
rent of constant frequency is passed over the single line and oper¬ 
ates synchronous motors, by means of which the necessary 
synchronism at the two stations is obtained. The different char¬ 
acters are transmitted by the suppressing of various combinations 
of the half waves of the current. At the receiver end those 
waves are received in a large number of relays, various combin¬ 
ations of which operate a few electromagnets for printing the 
characters and moving the paper laterally and lengthwise. The 
typewheel revolves continuously and the paper directly beneath 
it, is struck from below at the exact moment when the desired 
letter is over the paper. Four messages are sent at the same time 
in one direction, the line being loaned to each operator in suc¬ 
cession for short recurring periods. This is then also duplexed, 
making eight messages simultaneously over one wire, each it is 
claimed, at a speed of 45 words per minute. It does not seem to 
be used commercially yet, and whether it will be equal to or bet¬ 
ter than the printing telegraph system which has been in satisfac¬ 
tory commercial use between New York and Chicago for some 
time, devised by one of our members, can be determined only 
by equally severe tests. , 


There were several exhibits of the wireless telegraph system, 
though none by Marconi’s company. The modifications were 
only in details and did not include any way of making the 
system selective. It is now being introduced commercially and 
there are a number of installations in regular use 
The telegraphone was one of the very few entirely novel inven¬ 
tions of promising value exhibited. This extremely ingenious 
and very interesting invention of Poulsen, a Dane, has been so 
thoroughly described in the journals that a mere mention will 
suffice here. It may be said to be a magnetic phonograph in 
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which a long hardened steel wire is passed rapidly near the mag” 
net of a telephone receiver, the magnetic variations of which are 
thereby recorded on it in the form of permanent magnetism. By 
then passing this wire under small pieces of iron attached to a 
diaphragm, the same sounds are reproduced. I had the pleasure 
ef hearing such a reproduction and can vouch for the statement 
that it is much clearer than from an ordinary phonograph as there 
is an entire absence of that objectionable scratching noise, there 
being no mechanical contact at all. Its suggested applications 
.are numerous, including duplex and multiple telephony. 

Those interested in the controversy between the vertical and 
the horizontal telephone switchboard, found a good opportunity 
to compare them, as each was exhibited by its most ardent defend¬ 
er, the vertical board being advocated by one of our large and 
prominent companies, and the horizontal by a similarly prominent 
Grerman company which is introducing it in its country, notably 
in Berlin. The chief advantage claimed for the latter is that two 
operators sitting on opposite sides can use the same board and 
that therefore the length of board for the same number of sub- 

scribers is halved. _ _ r • v -u 

Electrochemistry was one of the electrical classes in which the 
most pronounced recent development was shown, although the 
exhibits were not suflBlciently complete to show the true state of 
that art. This branch of electrical science has^ opened what 
promises to be one of the important fields in which there is an 
opportunity for great development. Products which not many 
years ago existed only as rare and expensive specimens, and some 
which were not even known, are now made electncally by the 


Electric furnaces were shown in operation. There was ako a 
very fine exhibition of the extremely interesting collection ot 
products obtained by Moissan in his classical researches. Judg¬ 
ing from two other large exhibits, copper is successfully deposi¬ 
ted directly in the form of mechanically strong tubes, 
eously with the process of electrolytic refining. A single com- 
pany^in Germany refines electrically about 5,100 ounces of gold 

and 24.000 of silver a day. _ 

A very large ozone apparatus was shown in <>Pf 

mier and Abraham process, but a confirmation of the claims 
made is very desirable. 
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The interesting process of Goldschmidt for obtaining very high 
temperatures of about 3,000 deg. C. by the combustion of alumi¬ 
nium mixed with metallic oxides was well exhibited and deserves 
mention, although only of indirect interest to electricians. The 
expense of the aluminium naturally limits its application, but 
this seems to be more than balanced in some cases by the other 
advantages. It is already in commercial use for obtaining pure 
metallic chromium and manganese for the iron industry, and for 
welding rails and tubes or mending broken iron parts. 

In accumulators there was shown a general tendency, though 
not a universal one, to use Plante positives and Paure negatives, 
a combination which seems to have given the least trouble. Ac¬ 
cumulators ar-e now the rule and not the exception in continental 
lighting and traction stations. Now that the fundamental patents 
have run out in this country, we ought to use them more freely 
here. As an electrical flywheel and a comforting reserve in a 
central station, the accumulator has no equal. 

It is impossible, of course, from mere inspection, or from cata¬ 
logue data, to judge of the success of the light weight accumu¬ 
lator for transportable purposes, notably for the automobile. But 
from the awards of the jury which were based on reliable know¬ 
ledge of their performance, the Fulmen, the Pulvis and the 
P^enix were among the best of their kind; all three are French. 

^ The most satisfactory development in primary batteries is that 
inventors—or perhaps the capitalists—seem to have at last been 
convinced that it is cheaper to burn coal than zinc. 

A very interesting and promising method was shown in opera- 
ion by its inventor, Eieder, for electrolyticallv engraving deep 
hard steel dies, such as are used for pressing the reliefs on coins 
and for embossed work in general. A porous negative of plaster 
of Pans, saturated with chloride of ammonium, is lightly pressed 
against the steel blank and the metal is dissolved off electrolyti- 

cally by a current, wherever the negative touches it. The cost 

IS ^id to be only half that of the usual hand method. 

The exhibitions of instruments were very fine, chiefly from 
France, England and Germany, but it would take too long to 
enter into a discussion of them here. That a d’Arsonval galvano- 
meter is made with a sensitiveness of 1.2 X lO-i o amperes per m 
m deflection, is of interest; it is claimed to be the highest sen¬ 
sitiveness yet reached with that type of instrument. A^ong the 

station and laboratory instruments which are not generally used 
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in this country, but which are very convenient, are the phase me¬ 
ters of Dobrowolsky, indicating directly the difference in phase. 

A curious, but characteristically European criticism of a certain 
world-renowned type of American instrument, was, that ^ffhey 
are bad because they are expensive.” 

The very general introduction of micanite, an American inven¬ 
tion for generators and motors, is of interest. 

The electric plant supplying the exhibition did not seem to be 
a success, judging from the very numerous stoppages and the 
excessive variations in the voltage. 

The largest number of electrical exhibits were naturally, from 
France. Among the foreign countries Germany was far ahead 
of all others in importance, and promises to become the leading 
manufacturing country for electrical goods in Europe, if it is not 
so already. One company alone employs 14,000 hands, and ranks 
with our largest American company. It is of interest to us, that 
this successful company uses American methods quite largely. 
The Eeichsanstalt, that creditable German institution, has no 
doubt contributed to the rapid strides made by that country in 
the electrical industries, and shows what government aid can do 
for the industries of a country. England has already started its 
Electrical Standards Laboratory of the Board of Trade, a very 
interesting and creditable government department, which was 
shown to our Institute this summer during its first official visit 
abroad. France has its “ Central Laboratory,” and is considering 
the enlarging of its government department; Eussia has a large 
government electrical laboratory. The United States alone, 
among the large countries, has practically nothing of the kind. 

Switzerland follows Germany in importance. The United 
States and England were inadequately represented in this depart¬ 
ment for reasons already mentioned, although there were some 
excellent exhibits from each. The lists in the catalogues cannot 
be taken as a guide in such a comparison, because a simple little 
device of no importance has the same prominence there as a large 
important exhibit of several thousand horse-power of machinery. 
Moreover many American exhibitors who were entered in the 
catalogues, did not exhibit. In one class alone, the number of 
actual exhibitors was only 40^ of that in the catalogue of the 
United States exhibits, and many of these were quite small, it 
would therefore not be just to judge the state of this industry in 
our country, by the exhibits or by the awards. 
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A characteristic difference between American and foreign 
practice in manufacturing, as for instance such goods as dyna¬ 
mos and motors, is that here the manufacturer establishes certain 
well studied and well developed standard types and sizes of ma¬ 
chines once for all, and then reproduces them in large numbers, 
making the parts interchangeable. The foreign manufacturer, 
on the other hand, constructs each machine according to the de¬ 
tailed specifications of the one ordering it. He argues that if he 
should make bids with standard sizes in stock, the purchaser 
would accept the bid of some one else who would construct the 
machines exactly according to the specifications. As a matter of 
fact, however, it was noticeable that those companies which have 
adopted the American method, were as a rule the most success¬ 
ful. There is also a field in and around Paris at least, for Amer¬ 
ican methods of managing and operating electric tramways, as 
existing practice is there very poor. 

Another difference is that here the manufacturer as a rule de¬ 
votes his whole effort to a single class of goods, and makes these 
in large quantities, while abroad he attempts to make a lart^e 
range of widely different kinds of articles; this seems practical 
only when each branch is a large business in itself. 

Still another difference is in the fine external finishing of even 
those parts of an apparatus which are concealed. Their argu¬ 
ment is that all parts of a well made apparatus ought to look 
well, and that it will then be handled with greater care and re¬ 
spect. Here we would consider it a useless expenditure of 
money to polish all the concealed mechanism of arc lamps for 
instance. The foreigner, however, is apt to judge our goods 

from his standpoint, at least until he can be convinced of their 
advantages. 


The Jury of Awards had many delicate questions to settle, both 
teehnmal and diplomatic. While mistakes are possible, it is more 
than hkely that complaints of exhibitors can generally be traced 
to unworthy or inadequate exhibits, or to circumstances beyond 
the con ro of the jurors One-half the jurors were French and 
m the electncal group they were very liberal and generous to the 
foreign e^ibitors, more so than to their own countrymen. If 
ey erred at all, it was on the side of generosity for which thev 
deserwe our thanks instead of abuse. Only two of the United 
States jurors for the electrical group were members of the Insti- 

^UTE. 
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The Electrical Congress was an international gathering of 
nbont I5OOO engineers and scientists interested in the subject of 
electricity, and as a convention it was a great success, gi'^ug an 
opportunity of making many acquaintances and friendships 
among men of the same calling in widely different parts of the 
world. The Erench deserve great credit for its organization and 
managemen,t. A large number of papers were read, varying in 
quality from very good to poor, reports of which have appeared 
and are appearing in the journals. The social features of the 
visits to the neighboring electrical installations were well arranged 
and very enjoyable. Our Iitstititte was represented by all of its 
six delegates, three of whom were elected officers of the Congress. 
All of the official United States delegates were members of the 
Institute. 

As a gathering of official delegates appointed by the various 
governments to settle questions concerning units, this Congress 
came very near accomplishing nothing at all. Had it not been 
for the efforts of two of the United States delegates, both mem¬ 
bers of our Institute, this very important feature of the Congress 
might as well have been omitted. It was due to the convincing 
appeals of our member, Hr. C. 0. Mailloux, that the chamber of 
delegates reversed its former decision to take no official action on 
units and names, and adopted without a dissenting voice the rec¬ 
ommendations of its committee, in which our Past President, Dr. 
Kennelly, ably represented our Institute. These adoptions were 
that the name of ^^gauss’’ be given to the c. o. s. unit of mag¬ 
netic intensity or flux density, and ^^maxwel!’ to the c. a. s. 
unit of magnetic flux. The practical units will then generally 
be the kilogauss and the mega-maxwell. All the other proposi¬ 
tions of the Institute were withdrawn in committee when it was 
found that they could not be adopted. The only other action 
taken by the official delegates was a unanimous expression of 
opinion that electrical energy should be considered as a property 
to be protected by law like any other. 

The reason no further official action was taken concerning 
names and units, as suggested by the Institute, is, in the opinion 
of the writer, that our propositions were new to many of the 
delegates, not having been discussed fully in their different coun¬ 
tries before the meeting of the Congress. At the International 
Congress of 1891 at Frankfort, when our Institute endeavored 
through its delegates to have the names gauss and henry adopted, 
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the reason for the failure was the same, and in the report of our 
delegates^ it was recommended that in future our propositions 
sliould first be thoroughly discussed in the societies and journals 
of the different countries, leaving to the Congress only the final 
decision on well understood propositions. Had this recommen¬ 
dation been followed in the present case we might have accom¬ 
plished still more. Any further recommendations of the Insti¬ 
tute should be decided upon as soon as practicable and be made 
the subject of international discussion in the journals and socie¬ 
ties in preparation for the next International Congress, whenever 
that may be. 


The first meeting which our Institute held abroad, was a 
memorable event and bids fair to be the beginning of a series of 
international meetings of electrical engineers. It brought the 
Institute into considerable prominence abroad, increased its in¬ 
fluence, and afforded great pleasure to those of its members who 
attended. When it was first suggested by a member of Council 
some years ago, to hold a meeting this year in Paris, the propo¬ 
sition was met widi some ridicule, but its success and the benefit 
the Institute derived from it, shows that the venture was not 
^ unwise one, and that such meetings ought to be reoeated 
While we may have just pride in feeling that some branches of 
electrical engineering are better developed here than in other 
countries, and that our method of manufacturing certain classes 
of goods is superior, yet we should not forget that others who- 
have worked equally hard in other countries often reach conclu¬ 
sions differing from ours, and which may well be worth our 
while to consider. Although our typically American practice of 
manufacturing standard types in large quantities and with inter¬ 
changeable parts, undoubtedly has great advantages, yet that is 
the very method which tends to retard development in those 
types, as It makes one hesitate, perhaps too long sometimes, to 
make improvements. On the other hand the typically European 

method of building almost every machine differently, gives an 

excellent opportunity for developing them, but precludes whole¬ 
sale manufacture at reduced cost. Such international meetings 
therefore can hardly fail to be of benefit to all who take part, as 
they enable one to find, through personal observation aL per¬ 
sonal intercourse, that which is the best the world over, just as 


1. Tuans. A. I. E. B. vol. 8, p. 
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our home meetings bring before ns the best in our own country. 
If we want to manufacture the best there is, especially if we 
want the foreigner to buy it from us, we should hare interna¬ 
tional intercourse. ' 

In London, our sister society, the Institution of Electrical 
Engineers, entertained us with true English hospitality for three 
well filled days, with a most delightful program, in which 
pleasure and instruction were harmoniously combined. It will 
long be remembered by the 28 or 30 of our members who attend¬ 
ed, as one of the most enjoyable features of the whole meeting. 
In Paris the official joint meeting with the British Institution, 
held in the National Pavilion of the United States, through the 
courtesy of Commissioner Peck, was well attended and was fol¬ 
lowed by receptions of both institutions, visits to objects of in¬ 
terest, and the Electrical Congress, making a total of two well 
filled weeks of international intercourse between electrical engi¬ 
neers, and constituting one of the most important meetings in 
the history of the Instittitb. 

The success of our first meeting abroad should encourage us 
to follow the excellent example of the Institution of Elec¬ 
trical Engineers by making official visits to the difierent foreign 
countries to study their practice and examine their work. Our 
foreign colleagues will then be encouraged to visit our country, 
as many of them have promised lo do next year on the occasion 
of the Pan-American Exhibition in Buffalo. 


Following the Inaugural Address, Mr. F. W. Koller exhibited 
and described the “ Column Type of Indicating and Eecordmg 
Tolt and Ampere Meters,” after which the meeting adjourned. 
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New Yoek, November 23, 1900. 

The 14:8th. Meeting was held this date at 12 West 31st Street, 
and was called to order at 8:20 p.m. by President Carl Hering. 

The Sboketabt: —At the meeting of the Executive Com¬ 
mittee this afternoon the following Associate Members were 
elected: 


Name. 


Address. 


Endorsed by. 


Baldwin, George Porter Sales Agent, John Martin & 

Co , 31-33 New Montgomery 
St., residence, 1806 Larkin 
St., San Francisco, Cal. 


John Martin. 

F. V. T. Lee. 

T. E. Theberath, 


Ballou, Warren James Electrician, Woonsocket Elec. Tom H. Gregg. 

Machine & Power Co., Sta- H. A. Storrs. 
tion No. 3, Woonsocket, E. I. Harry D. Eeed. 


Converse, V. G. 


Engineer and Manufacturer, P. N. Nunn. 
3rd Street and Penn Ave. Chas, F. Scott. 
Pittsburgh, Pa. H. D. Mershon. 


Ohatelain, Mikail Andrejevitch de Prof, of Electrical Carl Hmng. 

Engineering, Mining Insti- E. W. Pope, 
tution and Electro-technical C. 0. Maillonx. 
Institution, Wasily Ostrow, 

10 Line No. 6, St. Peters¬ 
burg, Eussia. 


Deeds, Edward Andrew 


Hafbr, George, Jr. 


I 

Kelsey, James Cezanne 


Head of Engineering Depart- G. D.Shepardson, 
ment National Cash Eegister E. P. Roberts. 
Co., Dayton, O. F. B. Corey. 

Gen. Supt. and Elec. Eng. Joseph Sachs. 
Cincinnati Gas Co., Elect. Bert L. Baldwin, 
Dept., Cincinnati, 0. C. Stowe Eeno. 

Switchboard Trouble Mgr. N. John. J. Carty. 
W.Telephone Exchange Co., G. D.Shepardson. 
Minneapolis, Minn. Chas.L.Pillsbury. 


Leyden, Harry Eussbll 


Mgr. Hamilton Elec. Lt. & Ca¬ 
taract Pr. Co., Hamilton, 
Ont. 


0. C. Chesney. 
W. F. White. 
E. W. Pope. 
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Lowther, Christopher Meyer Sales Engineer Crocker- F. V. Henshaw 

Wheeler Co., New York; res., Gano S, Dunn 
168 Arlington Ave., Bast E. M. Archibald. 
Orange, IST. J. 


Sethman, George Henry Mechanical and Electrical Bn- 

gineer, Skinner & Sethman, 
2243 Irving St.,Denver,Colo. 


Springer, Frank W., 


Stern, Philip Kossuth 


Assistant Professor Electric 
Engineering, University of 
Minn., Minneapolis, Minn. 

Practicing Electrical and Me¬ 
chanical Engineering, 130 
Pulton St., N. y. 

Snyder, Nathaniel Marion County Surveyor for Scotts 

Bluff Co., Gering, Ne¬ 
braska. 

Walkbm, George Alexander Electrical and Mechanical 

Engineer, P. 0. Box 595 
Vancouver, B. C. 

Woodworth, Leon Byron Electrical Engineer, New Her- 

iot Gold Mining Co., Johan- 
nesburg, Transvaal. 

Total, 15. 


J. W. Stearns. 

C. E. Doolittle. 
Lewis Searing. 

G. D.Shepardson. 
John J. Flather. 
Chas. L. Pil Isbury, 

T. C. Martin. 
Fred A.LaEoche. 
Ralph W. Pope. 

Ralph W. Pope. 

C. 0. Mailloux. 
Sami. Sheldon. 

Louis A. Herdt. 
Ralph W. Pope. 

K. G. Dunn. 

J. W. Kirkland. 
M. A. Gudin. 

W. L. R. Emmet 


The following Associate Members were transferred to mem' 
berstiip: 


Approved by Board of Examiners, October 12, 1900. 
W. A. Layman, 


Perd. Sohwedtmann, 
Louis J. B. Wall, 


Assistant Manager and Treasurer, Wagner Electric 
Mf g, Co., 2017 Locust St., St. Louis, Mo'. 

Superintendent, Wagner Electric M’f’g 
Co., 2017 Locust St., St. Louis, Mo. 

Full Partner, Splatt, Wall & Co., Perth, Western 
Australia. 

Gentlemen, last spring a bill was introduced in the National 
Congress looking to the establishment of a standardizing bureau 
m connection with the Bureau of Weights and Measures in 
Washington. The Council appointed a special committee to take 
action in regard to this matter and use what influence we had in 
carrying the measure through. Congress adjourned before any 
action was taken, although a Congressional Committee reported 
favorably upon it. It is now about to be taken up again, and in 
accordance with the_ recommendation of the Chairman of our 
Oommittee a resolution has been prepared to be brought before 
in to-nightwhich, it is supposed, will have some effect 

m aiding arguments in favor of this measure. And I wish to 
assure you, before this matter is brought np, that it has received 
the earnest consideration of the Council and the Committee, and 
remember in September last Prof. Carhart read a 
pper in which he gave arguments in favor of it, so that the In- 
ITiTHTE IS already committed in favor of doing what can be done 
toward the passage of the bill. ^ u ue uoue 
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The President:— Dr. Sheldon has a draft of resolutions which 
are to be oft'ered at this meeting. 

Dr. Samuel Sheldon: — Mr. President, the Committee has 
adopted this form: 

Whereas, bills “ to establish the National Standardizing Bureau” were in¬ 
troduced in the Senate and in the House of Representatives, numbered and 
dated S. 4* 90, May 14, 1800, and H. R. 11350, May 5, 1900, respectively; 

Whereas, the purpose of the said bills is to provide for establishing and 
operating a bureau for the construction, custody and comparison of standards 
used in scientific and technical work, the testing and calibration of apparatus 
and the determination of physical constants, and the properties of materials; 

Whereas, the necessity of such a bureau is universally recognized; 

Whereas, such bureaux have already been established in several European 
countries, and are being established in others; 

It is resolved that we, the American Institute of Electrical Engineers, 
in meeting assembled, this 23d day of November, 1900, strongly endorse those 
bills and recommend their passage by Congress. 

The resolutions were adopted as read. 

The President :—The next thing in order is the paper by Mr. 
Bcbrend on The Mechanical Forces in Dynamos Caused by Mag¬ 
netic Attraction.” 



A ^aper presented at the I48tk Meeting^ of the 
American Institute of Electrical Engineers^ 
New York^ President Hering in the Chair^ 
November 23d IQOO. 


OJSr THE MECHANICAL FOKCES IN DYNAMOS 
CAESED BY MAGNETIC ATTKACTION. 


BY B. A. BEHEEND. 


Some years ago, when designing with Dr. Behn-Eschenbnrg 
alternating current machinery for the Oerlikon Engineering 
Works, Switzerland, we encountered formidable difficulties in 
diminishing the air-gaps in induction motors and in inductor 
generators. Everybody who has designed large generators 
or motors with small clearance, is aware of the tremendous me¬ 
chanical effect of the magnetic forces, and of the necessity for 
abolishing their cause lest an otherwise successful design be 
balked by the bending of the shaft or even by the collapse of 
the magnetic frame. It was therefore of the greatest import¬ 
ance to us to calculate as exactly as possible the mechanical 
effects that were produced by unequal distribution of the lines 
of induction around the circumference of the armature, if the 
axes of armature and field were not coincident but eccentric. 

In the text-books on dynamo-electric machinery this subject is 
generally very briefly treated and a formula is given which allows 
the calculation of the mechanical force of a piece of iron in a 
uniform magnetic field formed by two parallel surfaces, as rep¬ 
resented in Fig. 1. This, however, is a hypothetical case of 
hardly any practical importance, if I except the device designed 
by the Oerlikon Works for counterpoising the heavy shafts and 
wheels of vertically arranged turbines. It is probably given for 
the sake of its simplicity and as the magnetic analogy to Lord 
Kelvin’s absolute guard-ring electrometer. 
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From Maxwell’s dynamical theory of the stresses in the mag¬ 
netic field follows that the attraction between the armature M 
and the field ^is equal to 

(1). Z= 1 X(B^. 


In this formula IK is the magnetizing force, ffi the induction, 
S’ the surface penetrated by the lines of induction. As all quan¬ 
tities are expressed in o. g. s. units, CB is measured in dynes. 



Fig. 1. 


The formula (1) is generally, though incorrectly, written thus: 

( 1 «).^ = 


As in air CB is numerically equal to 3C, the formula (la) gives 
Je same numerical result as (1), but it should not be forgotten 

that ® and tfe are two quantities as different in hind as mass and 
force. 

With the help of (1) we can write down at once the resulting 
attraction of the surfaces and .F, upon the body A. 
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If A in in the middle between and the distance between 
A and F-^ is equal to the distance between A and F^ ; we will 
denote it by d. The unsymmetrical position of A is determined 
by the clearances 8^ aboYe Ay and 8^, below A. Sinailarly we de¬ 
note the induction in the air-gap above A by the index a, and 
below A by the index i. The induction that prevails if A is in 
the symmetrical position is denoted by (B without an index. 

We now have 

Z= A - (B,^) 

o TT 


We obviously can express and (B^ by (B, viz.: 


= (B 


— J 


and 


hence, 


(Bb = C 


Z= -- (S,^ 

8 Jr 


d + J 

y - (-L-)l 

\3 — jj \d+ JJ J 


This can be written thus: 


z- 

" 1 

1 ■ 

1 

8 7r“ 



J 





Neglecting in the denominator as a very small quantity, 
we arrive at the very simple expression of Z in dynes 

S 4 // 






« TT 


This expression of the attractive force is very perspicuous, and 
it permits of rapid and easy calculation, as 8 and (B are known 
from the design. The only drawback, great enough, however, 
to make this formula inapplicable to dynamos, is that it supposes 
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that by a displacement d the air-gap is equally diminished at all 
parts of the circumference, which would be true in dynamos only 
if the diameters of armature and field were infinitely great,and very 
nearly in bipolars in which the arc subtended by the pole is small. 
As will presently be shown, this formula yields results for Z con¬ 
siderably greater than the real values, and this is what should be 
expected as in the case of dynamos a certain displacement of the 
rotor causes a,n equal diminution, or increase, of the air-gap only 
in the one point lying in a plane laid through the axes of rotor and 
stator, whereas in a plane perpendicular to this no diminution or 



Air Gap in c. m. 


. 8 -Curvas illustrating the Magnetic Attraction Z as a Function of 
uap, and of the Induction with an Eccentricity A =0.05 c. 


increase of the air-gap takes place. Hence the whole surface 8 
IS not active, but only part of it. 

In a machine whose characteristic has been measured, ® can 
easily be calculated, whereas it would be difficult to find and 
In fact, in order to find their numerical values, one would 
have to calculate « first, and then express and ®b by means 
of and . 
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Our formula (2) shows that for a given induction CB the mag¬ 
netic attraction is directly proportional to the displacement A, 
inversely proportional to the air-gap d. Assuming that a certain 
eccentricity of armature and field will be unavoidable, we see 
that Z increases rapidly with a diminution of 

To give a clear idea of this relation I give some curves in Fig. 
2, the ordinates of which represent the magnetic pull in kg. per 
cm.^ while the abscissae represent the air-gap in cm. The dis¬ 
placement A is assumed to be equal to 0.05 cm. A glance at 
Fig. 2 is sufficient to make a designer wary when the diameters 
of his machines assume values of fifteen feet and more, the 
frames having to resist collapse like the fines of boilers. 

But my object in presenting this paper is not to expound the 
corollaries of formula (2), well-known as they certainly are to 
every thoughtful electrician. I want to deduce a new formula 
strictly applicable to the case represented by dynamos, and show 
its agreement with observation. 

For this purpose let us consider the case of two cylinders as 
represented by Fig. 3. We assume that there is all around the 

circumference the same magneto-motive force Yl dd^ and that 

the lines of induction choose the shortest path between the two 
surfaces. Their density is then inversely proportional to the 
clearance. 

With reference to Fig. 3, we have then: 

d = d — A . COB a 

a 

A is defined by 



Hence 

(B _^a _ S — J . oos a 

T - 5 



1-_ . cos 6C 

d 
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The magnetic attraction acting upon a surface element of the 
area h R d a, in which 5 is the width of the laminations, directed 
towards the center, is 

df, = 

O 71 

The horizontal components of this force on either side of the 
line of symmetry balance each other, the remaining vertical 
component being 

^ R da cos a 
S 7C ^ 



Substituting into this expression the ralue for (B^ found 
above, we have 


Q— 

8 TT 


COS a da 


( 1 - 


-cos ay 
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= Ji 5 ^ (B^ 

8 71 


cos a da 


2 A 


cos a cos 


JSTeglecting 
we get 


~A . . . i 2 A 

cos a as small in comparison with cos 


7 j- 1 1 ^2 co^ a. da 

^f= ^ ^ ^ ® —o— 

® 1 — -A cos a 

d 


= J-i R (S? 

8 TT 


1 -|—— cos a 


’2 // 


cos 


a 


cos a da 


8 TC 


b R&^ 


2 J “1 


1 -1- —— cos a I cos a da 

L ^ J 


tT 

By integrating this expression between the limits 0 and - we 

find the vertical component of the magnetic attraction in one 
quadrant. Hence 


7r/2 


7r/2 


J'df=^lR (1 + ^ cos a) cos a 


da 


7r/2 tt/ 2 

i- 5 1^ 0 . 0 ^ ad a ^-A^Jqos^ a da^ 


8 71 


I B CB^ 


/2 7r/2 

, 2 A' 
sm a + — 


7r/a 

, . „ , 2 d \ a~\ 


(Ba) 




Similarly we find for the vertical component of the attractive 
force directed downwards the expression 
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(35) 

Hence 


/b .= ~h E(&^ 
on' 


^ tT 
S 4_ 


8 TT 5 4 

This is the resultant of all the vertical components on one side 
of the line of symmetry. To find the total force we must multi- 
Pv I'^o and we thus arrive at 


( 3 ) 

in which 

(3^) 




2 J 


djneSj^ 


S = TT H h 
J = ^ 


ro^^ fo^ulas (2) and (3) shows at a glance that 

yields an attractive force twice as large as (3). 

_ Formula (3) is of great practical importance and interest as it 
18 the correct expression for the magnetic attraction between two 
eyhnders the axes of which are slightly displaced towards each 

now give the result of some experiments on magnetic 

JorTono ""u ™ g“or 

lor 2 000 volts, a cross-section of which is represented in Fiv 4 

liie data of this machine were the following : 

Number of r. p. m . 

Frequency per second ... 

Pole-horns on each side . . 

Bore of field ..o«n 

Width of laminations . 23 

Number of coils on each armature. Sft 

Number of turns of each coil. 

All coils in series. 

Air-gap above. 

Air-gap below . 


36 

7 


• 0.26 cm. 
0.46 cm. 


excited 

excited while the inductor was sta nding still. At 18 amperes 

looked over by Dr Behn 
I feel, therefore. oonMent that it is not marred by an^y iSportnt 
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excitation the inductor 7, with shaft weighing 8,400 kg., was 
lifted up from the bearings until it clung to the armature frame. 
The excitation was then lowered to eight amperes, when induc¬ 
tor and shaft dropped back into the bearings. 

(1) At 18 amperes excitation and 50 p. p. s. the generator gave 
1,400 volts on open circuit, whence follows CB = 5900. 



^ inductorgetuna.ii>f'on.iitfuiU, TvieLcCe. Z6o cito 

Fig. 4. 

(2) At eight amperes excitation and 50 p. p. s. the generator 
gave 640 volts on open circuit, whence CB = 2700. But it must 
he remembered that in our attraction experiment we should take 
into consideration that the magnetism at eight amperes excita¬ 
tion was attained by lowering the excitation, and as in inductor 
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generators the descending curve of magnetization lies often as 
much as 20^ above the curve of ascending magnetization, this 
should be taken into account. In a paper published by the Mee- 
trioal World and Engineer.^ I have enlarged upon this point and 
I may therefore here refer to it.^ We therefore assume that 
is 3100 instead of 2700 ; of course, there hangs the flavor of ar¬ 
bitrariness about such an assumption, but it surely is not far from 
the real value. 

For test (1) we have to substitute the following values into 
formula (3) : 

S = 9350 cm.^ 

(B = 5900 c. G. s. 

A = 0,1 cm. 
b = 0.36 cm. 

Hence 


9350 X 5900^ 2 X 0.1 
8 ;r ^ 0.36 


dynes 


Z ■=. 7400 kg. 

For test (2) we have: 

S — 9350 cm.^ 

(B = 3100 0. G. s. 
A = 0.36 cm. 

^ = 0.36 cm. 

Hence 


X 9350^3100^ 2 X 0.36 

8 7C 0.36 


dynes 


Z = 7340 kg. 

The observed value was 8400 kg. Considering the many 
sources of error, the agreement between observation and formula 
(8) is fairly satisfactory. On account of the fringes of the mag¬ 
netic field at the edges of the pole-pieces, the determination of 
the exact value of S is left to the judgment of the designer. As 
the attractive force is also directly proportional to the square of 
the total flux, and inversely proportional to the surface S, it fol¬ 
lows that if we had estimated S 5% too large, Z according to for- 
mula (3) must be 5^ too small. 

I hope that formula (3) will mate some friends among design- 
ing engineers. 

1. Electrical World and Engineer, Jan. 20, 1900. 

Erie, Pa., October, 1900. 
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Discussion. 

The President Mr. Behrend has developed in this paper a 
most interesting formula, and one which is extremely simple. It 
is for making a calculation which formerly was very difficult to 
make, and one which is of special importance with induction 
motors where the air-gaps are so extremely small. The Oer- 
likon Company, I understand, have a rule to make the air-gaps 
of such motors one-tenth of one per cent, of the diameter of the 
moving part, that is, one one-thousandth of the diameter. In 
such cases these forces become very important. The paper is 
open for discussion. 

Mr. Gano S. Dunn :—I welcome the development of a for¬ 
mula of this kind, because it will very materially help in those 
operations of designing in which magnetic pulls have to be cal¬ 
culated ; and while in direct current designing the matter is not 
of such great importance as it is in alternating current, where, on 
account of the necessity of high frequency, the polar construc¬ 
tion has to be forced, yet it is customary nowin specifications for 
direct current generators to call for the amount of unbalanced 
pull that will occur on an armature for a given eccentricity. 
This, that the strains on the engine shaft may be properly cal¬ 
culated. 

The bringing up of this subject calls attention to a feature of. 
design on which I have always had strong convictions—namely, 
the size of air-gaps. You have just mentioned that the gaps of 
the Oerlikon Company are figured at one-tenth of one per cent, of 
the diameter for induction motors—and it is well known that the 
gaps used in induction motors and by many builders of direct cur¬ 
rent machinery are extremely small. I think this is wrong and 
contrary to the best mechanical engineering practice. To my 
mind one of the great disadvantages of the induction motor, one 
of the disadvantages from which it must be freed if it is to take 
its proper place in the distribution of power, is this small air-gap. 
The machines with which I have had to do have always been 
characterized by large air-gaps so as to avoid the trouble which 
has caused the presentation of Mr. Behrend’s paper. I consider 
that for a machine whose armature is five feet in diameter the 
air-gap should be half an inch. This large air-gap makes dis¬ 
placement of the armature from its center relatively unimpor¬ 
tant Were the gap three-sixteenths of an inch, as it is frequently 
made, an eccentricity of the armature of a thirty-second of an 
inch, which is not uncommon, from the wear of bearings or the 
settling of foundations, would make a very serious distortion or 
perturbation in the distribution of the fiux from the poles, since 
it is one-sixth of the total gap; whereas, such distortion or per¬ 
turbation is practically insignificant if the gap is as large as I have 
said. 

With regard to the stresses in induction motors I should like 
to ask, as a matter of information, whether it is a fact that when 
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an induction motor is running, and has a certain amount of eccen¬ 
tricity in its armature, there is an unbalanced pull between the 
armature and the stator resulting from that eccentricity. I have 
always believed so; but in discussing this question with 
a member of the Institute at its general meeting in May, a man 
who is very well posted, he assured me that while such a phe¬ 
nomenon took place in direct current machines, in synchronous 
motors and that character of apparatus, it was entirely absent in 
induction motors. If the facts could be brought out in the dis¬ 
cussion here I think it would be very useful. I am sure that the 
formiila of Mr. Behrend will help us to determine these strains 
resulting from eccentricity much more readily than we have 
been able to determine them before, when we have bad to hgure 
them on a trial and error method. 

Mr. C. 0. Matlloux : — The effect of displacement of an arma¬ 
ture in a magnetic field is not to be neglected, even in the case 
of direct current machines, especially when they are of large 
size. It may happen that in some cases when the field becomes 
fully excited there will result from the difference of magnetic pull 
exerted by the different poles a component which may tend either 
to increase the apparent weight of the armature or to decrease 
it. This effect is of special importance when it is attempted to 
deterinirie^ the efficiency of a dynamo, for instance, by the so* 
called indicator method. I have had some very amusing experi¬ 
ences in that connection, which incidentally illustrate the entire 
uselessness of the indicator method as a means of determining the 
efficiency of a dynamo. I have seen eases (in units of 150 to 
^50 K.w. connected direct to slow speed engines) where the ver¬ 
tical component due to armature weight apparently, changed 
when the load came on ; that is to say, the pull exerted on the 
bearings was not the same when it was running light, as when it 
was running loaded. This is particularly apt to be the case with 
dynamos whose armatures have several ‘^paths’’ in parallel, 
especially when the brushes are not set in such a manner as to 
give absolute e.m.f. balance, or if the poles themselves are not 
thoroughly balanced, that is to say, if the different magnetic 
circuits have unequal fluxes. 1 have seen cases where one ob¬ 
tained some interesting results, if one took indicator cards of the 
unit when running without external load, that is to say, when run- 
ning with only the field excitation, or even without the excitation 
(more especially in the latter case), and then undertook to use 
this “ load” as the constant (representing various losses), to be 
subtracted from the indicator results for the total load carried, 
when the unit ran fully loaded, I have seen the efficiency come 
out as a hundred and one or two per cent. This is simply due to 
the fact that after the load came on, the armature was apparently 
lifted and its friction load seemed to have decreased instead of 
increasing. Hence, on deducting from the total indicated load 
the ‘Moss load” obtained when th6 engine ran light, the differ- 
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ence (representing the power applied to the dynanaos/’ for 
generating the external or useful output of electrical energy), 
is smaller than it ought to be, and the efficiency comes out ap¬ 
parently high. The error would perhaps not be suspected ex¬ 
cepting in cases where the percentage obtained is unexpectedly 
high, or where one may be able to account otherwise for the dis¬ 
crepancy in eflSciency. The phenomenon first came to my atten¬ 
tion in some cases where I knew that I could, by the method of 
losses,” account for seven or eight or more per cent, of loss in 
the generator set, and, when I found that,by the indicator method, 
the loss was apparently only one or two per cent., I immediately 
suspected that there was something wrong. This trouble occurs 
even with machines having large air-gaps, and it is one which 
should be carefully considered, not only with reference to the 
efficiency of the machine when operated under full load, but 
also on account of other troubles to which it gives rise. 

I should also have added that when the displacement 
of the field is of the opposite kind, a contrary result may be ex¬ 
pected and is often found—namely, instead oi'the efficiency being 
greatly increased, it is very much reduced. In such cases it is 
to be presumed that the vertical or weight component, instead of 
being decreased as the load comes on, is considerably increased 
thereby, and consequently the friction load is also increased, 
while the load is turned on. 1 ought to state that these observa¬ 
tions were made by me some years ago, before the “ method of 
losses” (now the only method endorsed by theA.LE. E.) had su¬ 
perseded the indicator method. 

Me. Behrend : — May I shortly answer the two speakers ? 
First, I should like to make a few remarks about what was 
brought forth just now about the efficiency of dynamos being 
lowered by an eccentricity of the armature. Now I understood 
you that it is not always necessary to have an eccentricity causing 
magnetic strains in order to get a lower efficiency than the one 
that might be calculated from certain data that you have. Well, 
I think there is an explanation of this. Most high speed dynamos 
arenot very well balanced ; that is to say, I mean the rotating part 
isnot very well balanced; it often has a heavy point. Now a heavy 
point causes a perfectly astounding amount of waste of energy. 
You can easily make an experiment on this by simply taking’a 
fly-w-heel and putting a bolt into the rim on one side, run¬ 
ning it wdth an electric motor and measuring the power, and then 
balancing the wheel perfectly, and measuring the power again. 
The loss of energy is perfectly surprising. It need, therefore, not 
necessarily be an eccentricity and a negative pull consequent on that, 
but simply a mechanical defect of the armature perfectly suffi¬ 
cient to explain a certain increase in the losses. 

As to Mr. Dunn, the first speaker, I wish to say that of course 
it offends the feeling of a mechanical engineer if he has to de¬ 
crease his air-gap very muclf; but in some cases he simply has 
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to do it, because if your poles get close together, and they always 
do if you have to build large dynamos for high frequencies or 
slow speeds, in order to avoid getting tremendous diameters 
which you cannot deal with. Therefore you have to lower yonr 
air-gap in order to avoid too much leakage. But I am indebted 
to the speaker for having brought forth this point. 

As to the mechanical pull in induction motors I wish to make 
a statement which, however, I ask not to take down, because I 
have not carefully thought about the matter. 

Mb. Mailloux :—I wish to state for the information of Mr. 
Behrend that the particular dynamos in which I noticed the 
phenomena referred to in the most striking degree, were not driven 
by high speed engines. They .were slow speed engines of the 
dorliss type, in which the shaft diameter of the 250 k.w. unit was 
18 inches at the middle and 15-j inches at the main bearings, the 
design, material and workmanship being certainly of the very 
highest grade that can be produced in this country. I do not 
believe, therefore, that any of the disturbances which he refers 
to could possibly, in the cases referred to by me, have acted as a 
source of error or as a cause of discrepancy in the results. 

Mb. Heistry Floy:— I would like to support Mr. Behread’s 
theory with regard to the induction motors. I know from prac¬ 
tical experience in sorne cases that have come to my notice, that 
if the rotating part is a little out of the center, the magnetic in¬ 
fluence has been enough to bend the shaft to such an extent as 
to pull the rotating part right up against the stator and prevent 
its rotating at all. 

Mb. Behrend :—I merely wish to say that my remarks about 
the decrease of efficiency do not apply to the case brought forth 
by the speaker. I mean that if you have to deal with slow speed 
engines, then the effect of a poorly balanced armature is not so 
serious. I did not know that the dynamos that the speakers men¬ 
tioned were slow speed dynamos. 

Mr. Dunn :—I think that perhaps one reason why designers 
of electrical machinery have been tempted to use sucli small air- 
gaps as have been used, has been because they have not realized 
that such tremendous strains are introduced into the machine by 
the unbalancing that takes place. If Mr. Behrend’s formula, by 
making calculations of these strains very much more simple than 
has heretofore been possible, shall divert us from small air-gaps, 
I think it will lead us to accomplish a great deal in a very useful 
work. 

Mr. 0. 0. C. Billbero .—I beg to call the speaker’s attention 
to the fact that in alternating current machinery we are dealing 
with such a low magnetic density that we cannot afford to have a 
large air-gap. In direct current machinery we may use from 
16,000 to 17,000 lines of force per square centimetre, but in alter¬ 
nating current machinery we have to limit ourselves to from 2,000 
to 5,000. • 
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Mb. Ddnn I was not speaking solely from the point of view 
of direct current machinery, and 1 realize the sacrifice that would 
have to be made to get these large air-gaps in induction motors. 
But I wish to make the point that I think the sacrifice worth 
making. "What does it avail us to have a comparatively low power 
factor if the machine is going to give us any trouble whatever 
mechanically ? I consider that mechanical performance is the very 
first requisite, and that we ought to sacrifice other things to get 
it, even air-gaps. 

The Pkesident I would like to ask Mr. Behrend, who is 
quite familiar with the design of induction motors, whether it is 
not a fact that the size of the air-gap is of much more importance 
in induction motors than in continuous curi’ent motors, and would 
not the sacrifices by making the air-gap lar^e in induction motors, 
be much greater than they would be in continuous current 
motors ? 

Mb. Behbend :—I think it is hardly possible to build induc¬ 
tion motors with large air-gaps owing to the tremendous exciting 
currents, or no load currents, produced by a large clearance; your 
motor would be electrically so poor as not to be utilizable at all. 

As to the densities in generators I wish to say that of course 
5,000 per square centimetre is by no means the upper limit. It 
is the upper limit if you have to deal with frequencies between 
60 and 80, but if you can work at frequencies of 42 to 60, yon 
may, I think, safely adopt inductions between 6000 and Y600. In 
inductor generators the frequency is, loosely speaking, only one- 
half ; aa far as the losses through hysteresis and eddy currents are 
concerned. Therefore the inductions in these machines may be 
about 10,000 or 12,000 in the air-gap; 12,000 is by no means an 
outrageous induction adopted for inductor machines of a frequency 
of 50. 

Mb. Fbedbeiok V. Henshaw :—One of the recent speakers I 
understood to explain the necessity for a short air-gap in an in¬ 
duction motor as being due to the fact that the density in the air- 
gap was very small, and it seems to me that point requires a little 
clearing up. If the density is very small, then I should think 
they could use large air-gaps. If the density was very great why 
then small air-gaps would be in order. 

Mb. Billbebg :—I was speaking about the induction in the 
iron, the density in the air-gap will be smaller yet. It is not a 
question of using a small density, it is a question of the cost of 
getting the magnetic lines of force through the air-gap. 

Mb. HEN8H.i^:—My point was that if the density was very 
high, it would cost so "much more. The fact that the density is 
low and the air-gap small, is the only thing that makes the induc¬ 
tion motor commercially possible at all. 

De. Sbeldon :—I am not sure whether I know anything about 
this or not. But the Edison Illuminating Company of Brooklyn 
has issued a little pamphlet to people who intend attaching in- 
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duction motors to its three-phase circuits, which says that induc¬ 
tion motors of certain sizes, which are to be attached to its cir¬ 
cuits, shall not have a starting current of more than twice the 
normal, full-load working current. Now, if the air-gap is large, 
I believe that the starting current is quite large. And if the air- 
gap is small the starting current is not necessarily large. The 
cause of the former is magnetic leakage. There are lines which 
do not link betw^een the stator and the rotor. Some of the lines 
which are produced by the current in the primary, encounter the 
large reluctance in the air-gap and leak around back home again 
without having linked with the windings in the secondary. 
Therefore it is necessary, in order that a niotor shall start satis¬ 
factorily, to have a small air-gap. 


[CoMMUlsriCATED AFTER THE MeETIHG BY Dr. A. E. KeNNELLY.] 


The paper under consideration conveys two main propositions? 
namely : 

1st. That if a dynamo armature instead of being round, had a 
square contour, and were symmetrically located within a symmet¬ 
rically slightly larger square field-polar cavity, and a constant 
magnetic diiference of potential maintained between the opposing 
parallel plane surfaces of field and armature, so that the flux 
density in the air-gap should be inversely proportional to the 
thickness of the said air-gap; then if one of the faces of the 
square armature be displaced parallel to itself through a small 
distance the total resultant magnet pull upon the square due 
to the unbalanced magnetic forces on the sides having respectively 


a reduced and increased air-gap is 


S(9? 

8 TT 


dynes, the surface 


being in this formula the surface of one of the sides of the square 
armature. 

2d. The proposition contained in the paper for the case of a 
round armature is virtually equivalent to resolving the round 
armature^ into a square armature of the same breadth, and of a 
hypothetical perimeter equal to the actual circumference. The 
displacement of the armature takes place parallel to one of its 
sides through the distance A as before. The total resultant mag¬ 
netic force acting upon the real circular armature will be the 
same as the computed force acting upon the ideal square arma¬ 
ture. 

Consequently the two propositions in the paper actually resolve 
into a single proposition on the hypothesis that a round armature 
is reduced hypothetically to a square armature of equal peri¬ 
meter. 

In the case of multipolar continuous-current generators, ex¬ 
cept where the air-gap is very small relatively to the dimensions 
of the machine, the resultant magnetic forces are usually not so 
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serious as the dissymmetry of electromotive forces produced. 
In multipolar machines the eccentricity of the rotor may pro¬ 
duce marked unbalancing of the electromotive forces in the seg¬ 
ments of the armature, unless special precautions are taken to pre¬ 
vent this. 

It is interesting to notice that the agreement between the 
formula and the first observation reported in the paper is so goodj 
although the second observation, when the rotor was in contact 
with the stator, was not so good. Manifestly, however, in the lat¬ 
ter ease a constant difference of potential between the two sides 
of the air-gap could not be maintained, and the result would be 
vitiated by this cause alone, so that close agreement could not be 
expected. 


[Reply by the Author.] 

In reply to Dr. A. E. Kennelly's interesting communication, 
I wish to say that it is perfectly true that the second case treated 
in my paper may be reduced to the hrst by assuming an ideal 
square armature in a square field having the same perimeter as 
the circular armature in the circular field, but Dr. Kennelly 
doubtless arrived at this interesting way of putting the results of 
my paper by contemplating the formulas, and I do not see at 
present how his comparison could be reached by a short cut. I 
entertain no doubt, howevei‘, that a simple graphical solution is 
possible. 

As far as I am acquainted with dynamo-design, I believe that 
the winding of the armatures of large multipolar machines built 
by cautious engineers is always such as to neutralize the in¬ 
equalities of the electromotive forces in the various segments. 
Eccentricities, though small, are unavoidable, and the winding 
known as' that of Arnold, the device of Lain met, Mordey’s con¬ 
nections, they all have been invented to meet the difficulties men¬ 
tioned by Dr. Kennelly. The last-mentioned has been adopted 
by the (Jerlikon works in their large 900 ii. p. direct current gen¬ 
erators at Rheinfelden; machines that had fco be built with 32 
poles for 55 r.p.m. and 8000 amperes. 
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THE PLAINT OF THE ST. OKOIX POWEK CO. OF 

WISCONSIN. 


BY HENRY FLOY. 


Introductory. 

The considerable number of high-tension long-distance trans¬ 
mission plants already in successful operation, might not render 
the completion and starting of a 25,000-volt plant of any particu¬ 
lar interest, except that in all engineering work and especially in 
electrical lines, the “newest” usually means something of a 
change from, and improvement upon anything previously con¬ 
structed. 

There are, however, some features both hydraulic and 
electrical connected with the plant of the St. Croix* Power 
Company, recently put into operation which I think will 
prove of more than ordinary interest to the members of this In¬ 
stitute. 

Genera.l Description. 

About two years ago the St. Paul Gas Light Company of St. 
Paul, Minn., owing to increasing business, the depreciation and 
antiquity of its generating apparatus and the expense of oper¬ 
ating four distinct stations, foresaw that it must build a single 
modern and larger steam generating plant or arrange for secur¬ 
ing current by means of long-distance transmission through the 
development of one or more of the water powers within reason¬ 
able distance of St. Paul. 

Upon investigation it was found that 27 miles east of St. Paul, 
on Apple River, in the State of Wisconsin, there was a natural 
fall of about 30 feet. Above the fall a dam could be built to 


635 



636 


FLOY ON ST. CJROIX PLANT. 


[Koy. 33, 



Fig. 1.-—General Yiew of Property. St. Croix|Powcr Co. 
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a lieiglit of 47 feet thus affording with a slight drop in the river 
below the fall a total head of 82 feet. Apple Eiver is fed from 
innumerable springs and some 25 lakes in nortli-western Wis¬ 
consin and in consequence its discharge is remarkably uniform 
the year around. With the head afforded, the minimum flow of 
water in the stream would yield about 2,000 h. p. continuously 
and during most of the year nearly twice that amount. By the 
building of a dam, a large reservoir would he formed from which 



the impounded water could be drawn in any quantity necessary 
to carry the peak of any load in St. Paul, provided sufficient ca¬ 
pacity was installed in water-wheels, generators and transmission 
line. It was thus demonstrated to the St. Paul G-as Light 
Company that the power that could be made available at Apple 
Elver Falls by a development of the character just outlined, 
would permit not only the complete shutting down of its four 
steam plants and avoid the necessity for building a modern 
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steam plant but also provide it with nearly twice the salable out¬ 
put of its old stations. 


Accordingly, about a year and a half ago, there was organized 
under the laws^ of the 8tate of Wisconsin the St. Oroix Power 
Company. This company is friendly to the St. Paul Gas Lio-ht 
Company and to the latter the former contracted to sell all the 
current it could generate by the development of a power plant 
at Apple Eiver Palls. 



Pis. 3.-Section througli Spillway of Dam. 
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Owing to the inaccessible location of the dam, being about five 
miles from a railroad station, and the country very rough and 
hilly, the importation of building stone for the darn was out of 
the question. The only material available at the falls is a brown 
sandstone, somewhat harder than the St. Peter rock underlying 
much of St. Paul and Minneapolis, but not hard enough to with¬ 
stand constant attrition of the water. It was therefore decided 
to build the dam with a masonry core, resting on concrete foun¬ 
dations and enclosed in concrete facings. 



4 .—The Dam and Flume Looking Down Stream. 


The masonry core was not carried higher than within six feet 
of the crest of the dam, and was built of uncoursed rubble ma¬ 
sonry laid in Portland cement mortar, consisting of three parts of 
sand to one of cement Both the sandstone and unlimited quan¬ 
tities of clean sharp sand were found on the company’s property. 

The concrete, not only in the dam but forebay, power-house 
and machinery foundations was composed of one part by measure 
of Portland cement, three parts of sharp sand mixed with four 
parts of broken stone. The broken stone was obtained by crush¬ 
ing granite trap or gneiss boulders, commonly called ‘^nigger 
heads” into cubes not larger than three and a half inches or 
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smaller than one inch ; the “nigger heads” being collected from 
neighboring farms. 

Fig 3 shows the cross-section of the dam through the spillway. 
It will be noted that the dam is carried down below the level of 
the bed-rock in the center of the stream to a depth of almost five 
feet in one broad trench, and that there are three other trenches 
about a foot deep running entirely across the bed of the stream. 
Ihe banks of the river which rise twenty-five or thirty feet above 
the top of the dam are composed of solid sandstone. Into these 
the dam is carried some twenty-five feet on the north bank and 
eighteen feet on the south bank. The main seepage trench along 










Fig. 5. Dam and Spillway. 
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built into the concrete work and fitted with gates and crabs to 
permit control of the water while constructing the dam, or in 
time of repair, and the regulation of flow over the spillway in 
case of unusually high water. 

At the south end of the dam are the trash racks and near them 
a sluice for conveniently disposing of the debris and ice. 

The length of the spillway is 108 feet, and the total length of 
the dam 350 feet. There are 3138 cubic yards of concrete and 
5026 cubic yards of rubble masonry in the dam. 

Incidentally it may be mentioned that when carrying the north 
end of the dam into the sand rock, a spring was encountered. 
This was taken care of by laying a pipe for it to discharge through, 
then building the dam right up and around it. 

There has been some controversy^ as to whether concrete dams 
are satisfactory, especially in northern latitudes, and the dam 
here described, although only partially of concrete, wdll add, I 
think, another argument in their favor. 

It is a pleasure to state that although this dam has experienced 
extremes of temperature and stresses, it does not show any signs 
of cracks or leakage, and a number of engineers, experts on this 
■class of work, who have seen the dam since its completion, unani¬ 
mously agreed that the concrete work is of the highest grade, and 
that the dam as a whole is a most perfect monolith. 

While it it too early to determine the ultimate success of this 
construction, satisfactory results thus far accomplished are due 
primarily, I believe, to the following: 

tirst .—All materials in the concrete were of the very best 
quality. Alsen and Atlas cements were used exclusively, and 
severe tests made continuously to ensure against deterioration in 
the grade of cement. 

Second .—No concrete was laid and allowed to freeze before 
setting. The work was started early in September, a year ago, 
and the autumn was most favorable for outdoor work, which was 
-carried on without interruption until the middle of December, 
then closed down by cold weather. At that time the north end 
of the dam had been completed and the south half brought up to 
within about 18 feet of the top. It stood in this condition through¬ 
out the winter and until April 6th, when authority was given 
the contractor to proceed with the work. 

Third .—Although the dam was wholly complete about May 1st, 
it was allowed to stand almost two months before the waste gates 
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■were shut and the water raised to the spillway. This allowed the 
concrete to thoroughly set and harden before any strains were 
put upon the dam. 

^ Fourth.—Hhe work was done under constant competent and 
rigid supervision, with the result that the concrete was of a mii- 
form consistency and mixture, and properly tamped in position. 

Flume, Foeebax aitd Penstock. 

Although the river bed follows the course shown on the map, 
the sandstone cliff recedes from the river at a point just belo'W 



6.—Section of Flume. 
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The flume .is constructed entirely of wood, caulked with oakum 
and braced by both vertical and horizontal tie rods. The bottom 
stringers are of Oregon flr, which is a superior grade of pine, 
particularly free from knots and imperfections, found in Wash¬ 
ington, Idaho and Oregon and becoming very largely used in the 
northwest. The remainder of the timber in the flume is Norway 
pine, except the tongues which are white pine. Fig. No. 6 shows 
the cross-section of the flume as built, which is of the same di¬ 
mensions throughout its length. The flume rests on excavated 
foundations, is level throughout its length, filled on both sides and 
covered to a depth of two feet with earth. 

With a velocity not exceeding three feet per second, it was de¬ 
signed to convey 670 cu. ft. of water per second being sufficient 
to generate 5000 h. p., under an 82-feet head with wheels having 
an efficiency of 80^. 

The forebay at the lower end of the flume is located about 100 
feet back from the brow of the hill. It consists of a rectangular 
steel box, 24 feet wide, 24 feet long and 17 feet deep and is de¬ 
signed to connect the flume with, and serve as an anchorage for 
the penstock, and also to afford a place in which to locate gates 
and racks. The steel box is built of f'' steel, rigidly sup¬ 
ported by ^‘I’’ beams and braces. It rests on a concrete founda¬ 
tion and is supported on all sides by heavy masonry walls, 12 feet 
thick at the bottom. One of the end walls is pierced by the 
flume, and th^ other by the flared mouth of the penstock which 
is securely riveted to the box and flanged into the supporting 
wall. Just in front of the forebay and at right angles to and ex¬ 
tending ten feet below the bottom of the flume, is a concrete cut¬ 
off seepage wall, 42 feet long and three feet thick, designed to 
prevent the possibility of any water leaking through and following 
along the sides of the flume and attacking the forebay founda¬ 
tions. 

At the head of the flume and close to the dam there is a 
lateral overflow or waste weir, connected with the side of the 
flume, and designed to prevent the water in same rising above a 
predetermined point and putting the top of the flume under pres¬ 
sure. This waste weir is about 27 feet in width and slopes from 
the side of the flume to the bank of the river. It is designed to 
automatically prevent any increase in the level of the water in 
the flume, regardless of how much the water in the reservoir may 
rise—within reasonable limits—above the spillway. The level of 
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the upper end of the weir where it joins the flume is the same as 
that of the spillway, but by means of small ^ates the level of 
the overflow may be raised to the top of the flume if desired. 

In the dam at the head of the flume are three head gates and 
the iron trash rack previously referred to, while at the lower end 

of the flume in the forebay are three tail gates with finer trash 
rack. 

The penstock is 12 feet in diameter. It takes its beginning in 
the forebay and extends in a horizontal direction 88 feet to the 
brow of the hill, down which it continues 107 feet at an angle of 



Fig. 7.—13 feet Steel Penstock. 
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end of the penstock is provided with four branch pipes supplying 
four main sets of waterwheels, and a smaller fifth branch pipe 
ending in a “ Y ” supplies two separate exciter wheels. At the 
lower end of the penstock is provided a gravity automatic relief 
valve having a discharge 12" in diameter. The last section of the 
penstock is provided with a blank opening for an additional and 
fifth unit in ease it ever becomes desirable to install the same. 

Generating Station. 

The generating station is a tire-pi’oof structure of brick and 
iron, about 140' x 60', divided longitudinally by a partition 
wall, thus separating the wheel-room from the dynamo-room. 
(See Fig. 8.) 

In the wheel-room are four main sets of waterwheels, space 
being reserved for the fifth unit which may be added later. Each 
set consists of two 36" special “Victor” wheels, mounted hori¬ 
zontally in a nine feet cylindrical steel wheel-chest from which 
they discharge through a six feet draft tube, eight feet long. 
Each pair of wheels is, of course, on a single shaft which extend^s 
through the end of the wheel-chest built into the partition wall, 
and is direct connected to a 750 k. w. generator. Each wheel- 
chest is supplied from the penstock by its own feeder pipe in 
which is located a 66" gate-valve operated from a shaft driven 
by a 7i h. p. electric motor. Each wheel-chest is surmounted by 
an automatic spring relief valve having an opening 12" in diam¬ 
eter. There are two exciter wheels, each direct connected to a 
30 K. w. direct current generator. The exciter wheels have their 
own branch feeder pipes, wheel-chests and separate gate-valves. 

The waterwheel governors are of an improved type of the 
Giesler pattern. They are guaranteed to maintain the speed 
within 3^ of normal for any instantaneous change in load not ex¬ 
ceeding 26^ of the load at the moment of variation. The gover¬ 
nors are electrically controlled, being operated by the 125-volt 
exciter current. 

All the alternators are 750 -k.w., three-phase, 800-volt, 60-cycle 
revolving armature, separately excited machines, running at 300 
r. p. m. They will carry full load continuously without heating 
more than 40“ C. above the temperature of the surrounding air, 
and have an inherent regulation slightly under 5^ on non-induc¬ 
tive load. 
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The direct-current exciters are shunt wound, operating at 925 
r. p. m., and each machine is of sufiScient capacity to excite five 
750 -k. w. alternators. 

Across the lower end of the dynamo-room is the marble switch¬ 
board consisting of an exciter panel, four generator panels, two 


Fig. 8. —Plan of Generating Station, 
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transformer panels, and a local service panel. The exciter panel 
is supplied with the usual instruments, hut the alternator panels 
are each equipped with one main oil switch, in series with two 
triple-pole quick-break jaw switches, for throwing the machine 
onto either two sets of ’bus-bars. At the top of the panel is an 
ammeter, an indicating wattmeter, and a field ammeter with the 
usual synchronizing lamp, field-switch and voltmeter plug. The 
transformer panels will each be provided with an induction re¬ 
cording wattmeter, a single three-phase oil switch of special design, 
having a capacity of 1500 k. w. at 800 Tolts,and a potential indicator 
which enables operators at the generating station switchboard to 
determine the voltage at the St. Paul sub-station, "regardless of 
the power factor of the load or the drop in the line. 

A brief description of this type of potential indicator may not be 
amiss. Across the terminals of the main transformer leads is connec¬ 
ted a small transformer supplying in its secondary circuit, an e. m.f. 
in step with, and proportional to that of the generator. In series 
with the main transformer leads is a small series transformer 
which supplies in its secondary circuit a current always in step 
with, and proportional to its primary current. The secondaries of 
the two transformers are connected in series through an inductive 
resistance and an ohmic resistance. Both the inductive resistance 
■or reactance and the ohmic resistance are so adjusted that for a 
given current through them, their respective e. m. e.’s have the 
same value relative to the e. m. e. of the potential transformer as 
the reactance and resistance e. m. e.’s of the transmission circuit 
have to the e. m. f. of the generator. Therefore, the local reac¬ 
tance and resistance e. m. f.’s reduce the e. m. f. supplied by the 
potential transformer to a potential indicator connected in this 
local circuit, in the same proportion as the line reactance and re¬ 
sistance E. M. E.’s cut down the generator voltage, and thus the 
potential indicator at the generating station is made to indicate 
the voltage at the point of distribution. 

The local service switchboard panel is equipped with switches 
for controlling the electric heaters by which the power-house is 
warmed, also the incandescent and are lighting circuits and the 
motors driving the blowers. 

There have been installed six air-blast transformers of 500 k.w. 
capacity each, which step the voltage up directly from 800 to 
S5,000 volts. As operated, the transformers are connected in two 
sets of three each with “Y” connections. The low'-tension side 
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of each set of transformers is joined directly with the transformer 
panel switches, and the high-tension side with Westinghouse 
“spider” switches, through the use of which either bank of trans¬ 
formers may be connected to either or both of the transformer 
circuits. 

All the electrical apparatus in the power plant was furnislied 
by the General Electric Company, except the high-tension 
switches and the alternating current arc lamps, which latter were 
puichased fiom the Manhattan General Construction Conipnny. 
These lamps are of the enclosed type and require 6.6 amperes. 
They are operated in series directly from the 800-volt ’bus-bars, 
there being eight lamps and regulator in each circuit. 

20-ton hand crane traveling the entire length of the dyna¬ 
mo-room, affords a convenient method for handling the Heavy 
machinery. 


Twenty-pivu Thousand Volt Oveehead and Underground 
Transmission Line. 

^ Two three-wire, three-phase transmission circuits, each consis¬ 
ting of 24^ miles of overhead bare copper wires and three miles 
of underground cables connect the generating plant with the dis- 
tnbuting station in St. Paul. 

Both overfiead circuits are carried on a single line of poles. 
Ihe wires of each circuit are on one side of the poles and are 
supported so as to be at the verticles of an equilateral triangle, 
having sides. The conductors are of No. 2, B. and S me- 
d.utn haijdrawn copper wire, carried on glass insulators of the 
riovo type —the same as those used on the 40,000-volt trans 

mission in Utah. The insulators are 7" in diameter and have t 

hiple petticoat. They are mounted on special locust pins boiled 
.n parafSne, „„rie on two 4" . 5” Oregon 4r or„ss..nne. The 
poles ere inamlj of Oregon fir and are spaced not more tban 110 
feet apart. No poles less than 30 feet in length and ei<^ht inches 
re dtameter at the top are used. Poles of minimom lenUh Le 
planted of feet in the ground and six inches deeper for every ad 
ditional hve feet in their length. The line was desLed l bt 

fact The ctnein earth’s sur- 
*11 . in the line are reduced to as few aq 

possible, consistent with securing a right-of-way at a reasonabl 
P ce, no angle in a conductor at any insulator is less than 165c- 
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thus avoiding any dangerous tendency to break the pins. In 
making a right angle turn special construction is used (see Fig. 9) 
affording seven points of support for each wire. For slight turns 
two or three poles as may be required, are set ten feet apart but 
no more than one insulator per wire is allowed on a single pole. 

The transmission line really takes its beginning at the termi¬ 
nals of the step-up transformers in the dynamo^room of the gene- 



Fxg. 9.—Special Corner Construction. 

rating station, whence it passes through the Westinghouse high- 
tension switches into a brick lightning arrester house abutting 
against the end of the power-house. Here are located choke coils 
and lightning arresters. From the arrester house the wires pass 
out through circular openings in the wall which are sheltered by 
a gabled roof and run thence in a general westerly direction to a 
similar arrester house in the city of St. Paul, where they termi¬ 
nate in the heads of the underground cables. 
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Ifo especial engineering difficulties were met with in the con 
ruction of the aerial line, except in crossing the St. Croix river 

mo^^ • °'i^ ^ with precipitous banks 100 or 

C W Advantage was taken of a bridge built by 

bet Railway, and long oak pieces were fitted 

These oak pieces project about 20 feet beyond the edge of the 
bndge and on them the six wiresarecarried in a 1 . 011 ^ 011^1 plane 
mres nf ? efliects ofthe i.-on work in the b.idge^ the 

bridge. ^ are spiraled three times in the length of the 

spitalid twif '^^-'^1 ‘bree-phase circuits, one cimuit is 

spiialed twice relatively to the other circuit in addition to tl. 

transpositions on the bridge, to prevent mutual induction. 
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a contract was entered into with these eL^°''^ accordingly 
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wire, enclosed in insulation, the three laid up in jute and the 
whole enclosed in a jacket of the same insulating material as that 
used about each conductor. Outside of the jacket is the lead 
sheathing in thickness, making the cable complete about 
in diameter. 

The ^^NationaP’ cable is insulated with paper treated with a secret 
compound. The insulation about each conductor is thick¬ 

ness. That of the enveloping jacket, thick. The cover¬ 
ing of this cable is of lead protected on the exterior by a coating 
of tin. 

The insulation of the ‘^Safety” cable is about a 35^ compound of 
the best ‘^old up river” Para rubber thick around each conductor, 

wrapped with a drilled tape served with jute, with the jacket 
thick. The sheathing of this cable is of lead, mixed with 3^ of tin. 

The contracts entered into with the above companies for cables 
included not only their manufacturing the cables and testing them 
to 40,000 volts in their factories before shipment, but also the in¬ 
stallation of the cables complete ready for operation in the con¬ 
duits in St. Paul. The contracts further include a guarantee fOr 
a period of five years protecting the purchaser against any break¬ 
down in the cables, except those due to extraneous and mechani¬ 
cal injuries, and further permitting at any time during that peri¬ 
od, the testing of the cables in situ^ up to a potential of 30,000 
volts. The writer’s aim in having the contract for each cable 
awarded to a separate company was to secure the benefits of com¬ 
petition, in promptness of delivery and perfection of manufacture. 
Furthermore, as underground work of such tension had never 
been attempted before, there was some question as to whether 
rubber or paper would prove the more durable insulator under 
these conditions. 

While of course,the ultimate success of 25,000-volt underground 
transmission can only be determined by the lapse of time, and 
the action of high voltage in its effect on the insulation, never¬ 
theless the success in operating seems to have demonstrated the 
wisdom of the experiment and great credit must be given to the 
manufacturing companies for their co-operation in undertaking 
what had never before been attempted and what many manufac¬ 
turers prophesied would result in failure. 

The calculated resistance of each conductor between the gener- 
•ating and distributing stations is 23. ohms. The drop in voltage 
■between the same points, for 3,000 k. w. delivered with a 90^ 
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power factor, and 25,000 volts initial potential, figures opera¬ 
ting both lines in multiple which will be the usual practice. 

Sub-Statioit and Apparatus. 

^ The distributing station in 8t. Paul is an iron and brick build¬ 
ing designed to contain the necessary apparatus for reducing the 
potential and controlling and transforming the energy received 
over the transmission line, for distribution in the City of St Paul 
The building is 50' x 65', two and a haKstories in height. One- 
half of the building has a basement divided into two rooms, one, 
in which all the static step-down transformers and high-tension 
switches are located, is connected by a tunnel with the Leet con¬ 
duits; the other serves as a toilet room and place in which to lo- 
cate the apparatus for heating the station. (See Fio-. lo.'i The 
mam ooi is divided into three rooms, open to the roof The 

larger room, 50'X 50', contains six 250 k. w. rotary converters 
Md two marble awi^lchbo.rds, e«ending dong two 'side, of tbe 
_ . The second room on this floor serves as a hallway to the 

etc. The third room is open from the roof to the basLient but 
IS entirely cut off and separated from all the rest of the buildiL 

for TlleTaf erf ° f 

101 a storage battery, which it is planned to install later. 

Each conductor of two high-tension cables passing throimh the 
tunnel into the transformer room end« the 

pole knife switch, to be operated only when currenTJ off 

and installed to permit convenient testrurof Sles efc tC 

otlmr terminal of each switch is connected to a high-ten ion ’bus 

dischargers', wMch 

series. "tresters, connected in 

The high-tension ’bus-bars and their tans to tho i • u *. - 

switches and from the switches to thp + ^ Ingt-tension 

conductors insulated with yff fest p 'T ''^^ 

..ted m withstand 25,000 volte “ S”"’ 

are carried in conduits made of Tte u i conductors 

turn, manufactured by the Fibre To asphal- 

duits are guaranteed fo wkftand S 000 

down. witnstand 20,000 volts without breaking 
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The high-tension oil switches are of the single-pole three-break 
type, operating under oil and designed to break 25,000 volts and 
50 amperes. The switches are closed by hand but opened by the 
releasing of a latch controlled by a local circuit from the main 
switchboard up-stairs. There are 24 high-tension switches in all 



—12 connected with each set of the cable ’bus-bars. As all high- 
tension work is three-phase, this necessitates the closing of three 
switches to connect any set of transformers with either set of 
’bus-bars. (See diagram connections Fig. 11.) 
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There are four banks of static step-down transformers—two 
banks consisting of three 22,500 to 78-volt oil-cooled 300 k. w. 
three-phase to six-phase transformers and two banks of two 
22,500 to 2,i00-2,700-volt oil-cooled 200 k. w. three-phase to 
two-phase transformers. 

Each one of the 300 k. w. transformers has a single winding 
on the primary, and two entirely distinct and separate windings 
on the secondary. By connecting three of these transformers 
in a set, the three-phase to six-pliase transformation is effected. 
One set of these transformers supplies current to the rotary con¬ 
verters, operating between the positive and neutral wires, and the 
other set to those rotaries operating between the neutral and neg¬ 
ative wdres of the Edison three-wire system of distribution 
throughout the city. There is kept on hand a spare transformer 
in case of break-down, but as all transformers in the sub-station 
are connected in delta, it is perfectly feasible to successfully op¬ 
erate, although there are but two transformers of a set connected 
in circuit. In fact,-this was the method of operating for the first 
few weeks after starting the plant and until the remainder of the 
transformers were received. 

The two identical sets of three-phase to two-phase 200 k. w. 
transformers provide for the alternating current distribution 
throughout the city. On the front of each transformer case is 
mounted a quick-break multipoint switch connected with leads 
brought out from the secondary windings of the transformers. 
The movement of the switch throws more or less turns of the 
secondary in circuit and thus adjusts the potential in steps of 21 
volts to any desired point between 2,100 and 2,700 volts. 

The plan of operating from the generating station is to main¬ 
tain irrespective of load or line loss, the potential on the high- 
tension ’bus-bars in the sub-station at 22,500 volts, as shown by 
the potential indicators previously described. This potential 
gives 78 volts for the rotary converters which potential may be 
varied seven volts either up or down, by use of inductor regula¬ 
tors of which there is one for each rotary. In a similar manner 
the potential for alternating current distribution is regulated by 
the setting of the multipoint switches at any point between 2,100 
and 2,700 volts, depending on the load. 

The use of six-phase transformers and converters is novel. The 
reason for the adoption of six-phases instead of three-phases was 
to secure the advantages of reduction of copper losses in the ar- 
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mature, and the Accompanying reduction of temperature and its 
better distribution. At first sight it might seem that the increased 
complexity involved in the use of six-phases would not counter¬ 
balance the advantages to be gained. Practically, however, the 
use of six rings and the necessary additional taps to the windings 
on the armatures amounts to nothing in the operation of the ma¬ 
chines. The dividing of the secondary windings on the trans¬ 
formers for two independent circuits results in no complication or 
expense. On account of the large current, the use of six conduc¬ 
tors between the transformers and switchboard and between the 
switchboard and rotaries, was necessary whether three-phase or 
six-phase machines were installed. The switchboard is practically 
the same for either number of phases, except that the number of 
main switches was increased from two to three. This disadvan¬ 
tage, however, may be disregarded when a decided increase 
in the capacity of the rotaries is secured. The rotaries are ordin¬ 
arily started from the direct-current end but are equip)ped with 
break-down field switches and designed for starting from the 
A. c. end where necessary. 

Fig. 12 illustrates the alternating current switchboard, which 
is about 35 feet in length and eight feet in height. 

On the extreme left is a relay panel through which current is 
usually distributed by means of four-conductor cables to one of 
the old steam generating plants. This plant will be used as a re¬ 
lay station and in case of a break-down in the water power trans¬ 
mission plant, current will be supplied from it to the sub-station. 
The second panel from the left is a transformer panel connecting 
either set of the static transformers supplying current for alter¬ 
nating current distribution to either of the two sets of four ’bus¬ 
bars. Each two-phase circuit is provided with two Stanley re¬ 
cording wattmeters (not shown), two ammeters, two recording 
wattmeters, a four-pole oil switch and fuses. 

The panel next adjacent on the right controls the power dis¬ 
tributing two-phase circuit. On this panel are also eight small 
double pole switches each of which controls the current 
to the magnets releasing the latches of three of the 25,000- 
volt switches. The five following panels each control two 
single-phase alternating current lighting circuits. Each of 
these panels is provided with an ammeter, automatic oil 
circuit breaker and oil switch in series with plug switches. 
There will be noticed a number of holes in these panels which 
are designed for the plug switches, permitiing the plugging of 
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any single-phase feeder onto any pair of the eight ^bus-bars. 
The double-pole plugs used are shown in the illustration lying in 
a pile at the foot of these panels. 

Is ext eome six alternating current rotary panels supplying 
current at 78 volts to the alternating current end of the rotary 
converters. These panels are provided with three two-pole 
switches for the six-phase circuit, also indicating wattmeter and 
main ammeter, thus giving an indication of the power factor of 
the load. There is also the handle of the field rheostat, a direct 
current starting switch, double-pole, double-throw field-switch, 
synchronizing plug and lamp and a small direct current two-pole, 
double-throw switch controlling the motor actuating the six- 
phase inductor regulators. The inductor regulators are placed 
on the floor directly behind the a. c. rotary panels. 



current Sb f /r ^ ^^^^We-throw direct 

cS brJaker tt and an automatic 

cucmt breaker, through which is supplied and controlled the 

ing andllg Xe Sf tMsT ut 

o^wfth-ghTe\se:;::: 

vertpr ’h^- K„ r xt 7h-dison feeders or rotary con- 
bus-bars at the other switchboard (See Fie. 13 'i mav 

thel^rd (not shTwl '^hl^otW tw'o 

tne lett ot the a. c. rotary panels 
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permit the reading of the potential of any of the alternating cur¬ 
rent feeders or alternating current end of the rotary converters* 

The direct current three-wire switchboard, about 18 feet long 
and eight feet high, (Fig. 18) is at right angles to the board 
just described. It consists of eight panels, three for the direct 
current end of the rotaries and the remainder for the feeders of 
the Edison three-wire distributing system. 

Each direct current rotary panel controls the current from a 
pair of rotaries operating together on the three-wire system. 

The Edison feeder panels are provided with single pole, four¬ 
way switches of special design which permit the throwing of any 
feeder on any one of four sets of 'bus-bars. Three of the ’bus¬ 
bars may be supplied at different potentials from each of the 
three pairs of rotaries. The fourth set of ’bus-bars is designed 
for use in connection with the storage battery, when same shall 
be installed. It will thus be seen that great flexibility in dis¬ 
tributing potential is attainable, for, if necessary, the battery can 
be used independently of the rotaries, making a fourth and inde¬ 
pendent voltage available for feeder service. The illustrated 
diagram of the direct current switchboard shows the instruments 
and their arrangement sufficiently clearly to render their enumer¬ 
ation unnecessary. 

The static transformers and rotary converters were furnished 
by the Greneral Electric Company. The General Incandescent 
Arc Light Company furnished the high-tension switches and 
both switchboards, the latter being equipped with indicating 
instruments mainly manufactured by the Wagner Electric Man¬ 
ufacturing Company. 

Tests. 

A report of the tests of the hydraulic and electrical apparatus 
might prove commonplace, but the following relating to the 
overhead transmission line and underground cables may be of 
interest because little data has been published with regard to the 
charging current of overhead lines and nothing whatever, as far 
as the writer is aware, regarding high-tension cables. 

The first tests made were simply to ascertain whether the 
cables could carry the voltage under which they were to operate. 
The paper cable was first tested, the voltage being gradually 
raised to 30,400 volts. This was on the afternoon of October 
14th, which I believe, marks the date of any attempt to carry 
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such high potential underground in connection with any com¬ 
mercial plant. The rubber cable was successfully tested about 
two weeks later in the same way. 

In making measurements and in the following data on the 
charging current of overhead lines and cables, no allowance is 
made for any leakage current, as exhaustive and careful tests 
made on high-tension lines at Telluride by Mr. E. D. Mershon 
prove that with proper insulators, with no precipitation and 
with the voltages here used, any' leakage current is inappreciable. 

The charging current was measured by placing in the high 
potential circuit, a Stanley hot-wire ammeter reading from zero 
to thirteen amperes. The Stanley meter was compared with a 
Weston portable ammeter reading from zero to 15 amperes, 
which had just been calibrated at the Weston laboratory. The 
difference in readings between the two ammeters was small, but 
collected readings are given in the accompanying curves. The 
voltage readings were taken by a newly calibrated Weston port¬ 
able voltmeter connected to the secondary of a small transformer, 
having a ratio of one to two-hundred and designed and built 
especially for voltmeter measurements by the Pittsburg Trans¬ 
former Company. The voltmeter used was compared during the 
tests with another portable Weston voltmeter with which it 
agreed closelj. It was also compared with a General Electiic 
switchboard voltmeter and the practical correctness of the instru¬ 
ment used was verified. 


e alternations of the generators supplying current for the 
•charging tests were kept constant by maintaining the speed 
constant as shown by a tachometer. No measurements were 
made as to the wave forms of tlie generators. 

In making all charging current measurements, only two ^en- 
•era,tors were used. For supplying the current at the generating 

lutio^r^ made, one of the 300-revo- 

lution General Electric generators there installed, was employed, 

at fl ^ of its power, could easily be kept 

at a uniform speed. At 8t. Paul, a Westinghouse reyolvin<r 
armture 400-revolution 375 k. w. 60-cycle machine was used. " 

ments of the charging current to one of the three-conduc 

to the thiee-eonductor line connected to the paper cable 
also two three-conductor overhead lines connected^ o^ne to the 
paper c.M, the other to the rubber cbirbor cLt 
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being in multiple with one another, and supplied with three- 
phase current. The four above measurements were made from 
the generating station. There is also shown a curve for the 
paper cable as measured from the St. Paul end by the 'Westing- 
house generator. 



voL-'ra 
Fig, 14. 

Measurements on both overhead lines showed that the charg¬ 
ing current to either line was practically the same as that to the 
other. Furthermore, it was found that the charging current to> 
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one line was practically the same whether both ends of the other 
line were left disconnected from everything, or whether its three 
conductors were tied together and connected to good ground. 



ampCTes charging current as measured, reduced to 

two tbl T (tte latter bein^ 

r'om “l™ the paper cable 

measurements the charging current for the rub- 
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ber cable was found to be a little more than double that of the 
paper cable. This result from the standpoint of overcoming the 
reactance in the circuit, would make the use of a rubber 
cable the most desirable. It will be noticed that the charging 
current for two wires of the three-phase circuit is appreciably 
less than when voltage is applied to all three conductors. It 
checks very closely with what would be expected as figured. 
There is also shown a dotted line indicating the charging current 
as plotted from the formula for capacity between two wires. 
Lack of agreement between the theoretical and measured carves 



DISTANCE BETWEEN W/RCS. 

Fiu. 16.—Variations in Charging Current due to Separation of Wires. 

No. 1 No. 4 Wire. 

No. 2 No. 1 
No. 3 No. 0000 “ 

10,000 Volts. 

is no doubt mainly due to the departure of the generator wave 
from that of a true sine curve. 

Fig. 16 shows the charging current per mile per pair of 
wires at 10,000 volts, 60 cycles, for Nos. 4, 1 and 0000 con¬ 
ductors with the wires separated from 12 to 84 inches. 

These curves were drawn in determining the advisable distance 
.at which to space the conductors, and are here given as illustrat¬ 
ing the comparatively small advantage to be gained in the -way 
^of reducing the charging current by separating the conductors, 
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after a distance of about three and a half or four feet between 

Wires IS reached. 

The following data on charging current taken from the writers 
note book may be convenient for reference, and is therefore here 
included because it has never before been published. 

Calculated Chargijs'Gt Cuereot. 

Two p„.llel wires : Length one n,ile : io,ooo volte = 

Sine wave: gixtj cycles : 

and^ AeTvr the voltage 

and the cycles, so that the current for any given line and differ¬ 
ent voltage or cycles may be easily calculated: 


JD Cl O 

« S r 

o w ^ 

O aC 
« Wo 
■JC flJ 
•2 ^ i2 


i8" 

24 " 

30 " 

36 " 

42" 

60" 


5 I 


Size of Wire-B. & S. Gauge. 

® ^ I > I o i 2/0 I 3/0 I 4/0 

Amperes at 60 cycles. 


•0313 

.C 29 S 

.0285 

.0276 

.0269 

.0255 


.0317 

.0302 

.0290 

.0281 

.0274 

.0260 


.0324 

.0308 

.0297 

.0287 

.028 

.0264 


.0332 

•0315 

.0302 

•0293 

.0285 

.0269 


•0339 

,0322 

.0308 

.0299 

.0291 

.0274 


•«>35i 

•033 

•0316 

•0305 

.0296 

.0280 


.0358 

•0337 

*0323 

.0312 

• 0303 

.0285 


.0366 

.0344 

.0330 

.0319 

.031 

.0291 


•0373 

•0334 

•0338 

.0326 

.0316 

.0298 


.0386 
■ 0362 
.0346 

•0333 

.0324 

.0303 


It IS a pleasure to state that we have never had any trouble 
have harmonics or any other of those “bogies” which 

w poTfnC: 

credf/?Tr''^‘^.^® incomplete without acknowledging the 
cied.t due to the wnter’s associate. Professor E. C. Carpfntfr of 
Cornell University, for his assistance and co-operation in /l« •’ 

w at 'dj'’r“‘’ 

peiience, patience and faithfulness, the results l 

concrete work were attaine,! lu.. 1- *he excellent 

T T -R , attained. Mention must also be made of Mr 
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eral Superintendent of the operating station at Apple Eiver Falls. 
Mr. William De la Barre, of Minneapolis, advised with ns from 
his wide experience in hydraulic matters, and Mr. W. A. Gordon, 
of our own office, has materially assisted in calculations and tabu¬ 
lations. Messrs. H. J. Gille and Fred li. Outcheon, superintendent 
and engineer, respectively, of the electrical department of the 
St. Paul Gas Light Company, and Mr. H. L. Doherty, president 
of the Denver Gas and Electric Company, had much to do with 
the design of the sob-station switchboards. It should be stated 
that Mr. Doherty was the first engineer to recognize and appre¬ 
ciate the possibilities for the power development in Wisconsin 
and its transmission into St. Paul, Minnesota. 
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Discussion. 

Me. Fuoy : I would like to add a few remarks to what has 
been said in regard to these curves of charging current. There 
was ateDdencj shown, from the points as plotted, for the curves 
to sag below zero at the lower end. The instruments that were 
nsed being designed especiallj for high voltage and large current 
readings did not read closely below 10,000 volts with the volt- 

the ammeter. The result was 
^u, any satisfactory readings down at the lower 
end of the curves, although some curves, as I have stated, showed 

from Mr. Edward P. Burch, of Minneapolis, who was formerlv 
superintendent of the Twin Cities Street Eailway. Mr. Burch 



aLTMmZrfersIX,-'’*'’" “““ by tli„ 

St. Paulin connection with the sf Anthon 

Companj. The*, cable, are rMpertivKf 

iong, and have been in use ^ “iles 

*|^^®®'Pbase current at 12 000 volts nnf^ ^bey transmit 

that he noticed in the me^suremen 

stead of the charging current W, I bad made, that in- 

there was a tendfncf for the lower ej of 
the zero to sag below what would be theorl' ^n 
conclusion would agree with whaf t ? ^ expected. This 

have other instruments at St Paul to mat^'"^^' ^ 

ower part of the curves which ?Lu]f-Tfl measurements on the 
later It we develop anytHnfof 

^eaaLlrrt, ^ 
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ing the voltage constant and varying the number of cycles. All 
my measurements were made at 60 cycles. Mr. Burch’s readings 
I plotted this afternoon in a rather crude curve, but so that you 
can all see it. These are the cycles along here [see Fig. lY], and 
here are the amperes ot the charging current on his seven mile 
cable. As the cycles increase we would naturally expect the 
charging current would increase in the same proportion ; but you 
will see there is a critical point up here at which the curve seems 
to bend and come down. Mr. Burch’s measurements did not go 
below this point; but I have drawn the curve showing that the 
amperes are apparently very materially reduced as we get the 
cycles up to 60. This is of interest, because it is new, at least to 
me, and Mr. Burch deserves credit for having demonstrated this 
phenomenon in his cables. I have talked with the manufacturers 
of our cables, and they do not seem to have had this point in mind 
in their measurements for charging current, which were made, 
one at 25 cycles and the other at 32 cycles. I found that their re¬ 
sults did not at all compare with mine as shown on the curves in 
mj' paper, and the only explanation I can make of it is that the 
■cycles we are using in St. Paul (60), results in bringing down the 
charging current very much more than we would expect. Com¬ 
paring my readings with theirs, I found that my current was in 
one case at least 50^ less than theirs. Mr. Clark, of the Safety 
company, expected to be here to-nightto give us some information 
in regard to measurements which he himself made. I very much 
regret that his wife was suddenly taken ill, and he is unable to be 
present. Mr. Jackson, I hoped would be here, but I see that he 
is absent. I thank you for your attention. 

The Pebsidbnt: —The plant which Mr. Floy described is a 
very interesting one, and many engineers will be interested in 
the outcome. There is one point in which this plant is different 
from most others; instead of transforming down to a reasonably 
low voltage at the outskirts of the city, and then using overhead 
wires through the city, the current is carried through under¬ 
ground cables, at the original high voltage to the distributing 
station. This is a new departure from the usual practice, the suc¬ 
cess of which will be watched with great interest. I do not believe 
there are many cases in which high voltages are used in under¬ 
ground cables, 'but I think Mr. Floy is mistaken in saying that 
this is the first time. There were some cables shown in the Paris 
exhibition this year which were subjected to 25,000 and even 
30.000 volts continuously, and one of them was a paper cable. 
The fact that one cable iii this installation is made with paper and 
the other with rubber, is also a very interesting feature of the 
plan, as it will help, engineers to find out whether paper will do 
as well as the more expensive rubber. 

I have no doubt there are others besides myself who would like 
to know why there is a transformation from three-phase to two- 
phase, instead of distributing at three-phase; also why some of 
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the eiirrent is transformed to continuous current. The paper is 
open for discussion. ^ 

Me. Towksend Wolcott: —I would like to ask Mr FIov if 
any theory was advanced to account for the fallins: off of'the 
charging current in the cable at high frequency. 

iiarl ^ this letter and Imro not 

had much time to think over it myself. For the jiresent I have 
Bot aiij explanation to offer. ^ 

i® ^ known fact that the apparent 
differ,capacity of a condenser, or a cable, is different with 
difieient hequeneies. A paper was read by Dr. Pupin not lon<r 
go in which that subject was discussed. ' 1 tliink the observed 

relation to this fact; the so-called 
fcrt” Tlit ST' , this woS bo 

Itr kj?'rdTbaHooa™V“Tr‘* “t® tatorost to 

wanted to make a few remarlP M ^ 

fz r,re”; “ «r£ri„tr 

same cii4it, af you have i^the else of ^ capacity in the 

if then you raise^yonr fLouercv voifor'^®'’®!? • 

Tile current increases nn fn n Zi’ ? * curve, 

certain frequency it decreases This and beyond a 

It is simply the electrical analogy to^the^mSd^T f 
presented to us by what is calle^d forced viSaS ^ Phenomenon 
for instance, a pendulum vibrating tbi« nfla ? 
natural period. If you force this^notiri certain 

jou will observe that L loV.ilP- vibration then 

force, the excnrsions of the pend nhm^*’ ef the driving 

to a point which iscaSed thlpSTrlf’^P 
yonr frequency beyond tht pdnt tbf l “"®- J^^^^ereasi 

ium again decrease. This is 4 old nh^ excursions of the pendu- 
or fourteen years ago thatVame t/iirteen 

Heinrich Hertz in his researches on aIo + the late Prof. 

ISdO It was brought up through the 

phenomena observed on the ^Ferranti naW resonance 

and London. In connection with tbit ^ Heptford 

rant! cable is perhaps the old^SbH^ Fer- 

wa8_ laid, if I remember rightlv^en 1 f It 

carries 11 000 volts, and has ISd fb«f Jears ago, and 

years. Mr. Xapp then gave before tb^Pi^ P^®t ten 

Jn ®H>lanationff the Society of Lon- 

will hnd his explanation in almoS anv i I think yon 

rent phenomenL tiook on alternating 4r- 

I TTT5’ Sr'nTi.-r.rw, __ -i- , ^ 


xxTo explanation in almncsf or^-v. i V— ’ ^ tainK you 

rent phenomenL tiook on alternating Lr- 

J-HE SeCBETAET :_T h«.va Kry 

paper for the reason that the interested in this 

brother, the late by my 

J^ope, and which was read at 
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the jSfiagara Falls meeting in 1895, was on the reconstimction of a 
small plant, where steam power was originally used, and after¬ 
wards ti'ansmission for about four miles from a water power was 
substituted. It would be interesting to me, and probably to 
others, if we could get at the financial reasons which led to this 
particular change treated by the author to-night; for in the past 
we have had a great many discussions on the relative cost of 
water power and steam, and there have been many discussions of 
the same kind before the American Society of Mechanical En¬ 
gineers. It has been argued that with a reasonablj^ low price of 
coal, and using modern steam engines, equal economy could be 
reached by the use of steam. Some of the mechanical engineers 
went so far as to say that at Lowell, Massachusetts, for instance, 
if the water plant had not already been developed and the dam 
and canal constructed—if the plant was to be put in operation 
to-day, that they would use steam instead of water^ power; but 
having the water power and dam and having invested the 
money in it, it was cheaper for them to go on, than^ it was to 
abandon it. I presume from reading the introduction to this 
paper that there were good economical reasons for this change, 
and if it is not the proper time now to give those reasons, I should 
hope that they might be presented in the future. 

The policy of using two kinds of cables, which Mr. Floy brings 
up, reminds me that several years ago, when I was engaged in 
the effort of trying to sell underground cables, and one of my 
customers had begun using something else, that I suggested that 
he should try more than one kind; for, I told him, it was a 
question of lapse of time to ascertain whether these cables would 
endure or not, and if they endured five years and then gave out, 
and he then tried another kind it might be 25 or 30 years before 
he found out which was the most serviceable, and I suggested 
that he lay down some of each kind, including ours, and arrive 
at the result in the first five years. My argument did not pre¬ 
vail, however, but I am glad to hear that there is somebody else 
proceeding along that line, and that the author bought all the 
types of cables he could obtain. 

This statement of Mr. Floy’s in regard to transmitting power 
from one city to another enables me to bring up a point that came 
to my notice abroad last summer that was of considerable interestto 
me, because I had always supposed that this country had arrived at 
the acme of protection in various industries. But as we were 
riding on a line from Geneva to a mountain east of that city, we 
started on an electric line and changed to a steam dummy which 
carried us for less than a quarter of a mile to an electric rack 
railroad up the mountain which was over the boundary line in 
France. The reason for using this link of steam line was that 
the French authorities would not permit this electric railroad in 
France to he operated by a current that was generated by water 
power in Switzerland. 
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Mb DuNif:-As competition in mercantile lines is supposed 
to be tlie soul of trade, so eompetihon of opinion seems also to 
be ot ube. A few weeks a^o I had the pleasure of bein^ at Rich- 
mond, \ irgima, where there is a dam for the purpose of gettiib 
power frotn the James Eiver to the amount of 14,()0() n. 7. and 
lere they thought there was no dam like a concrete dam. it had 

meThnd^S^^^T ^ substantial manner.'and the 

lethod of anchoring it was extremely interesting. I nresutne 
that some day in years to come we shkll know in regard to da s 
as^we shall know in regard to iusulation-whiclil^ tife fmS 

r.i 

been built for nearly $4000 ]esSS--*if hm'lt nf oi hav e 

It would stand before the sa’<r beenmo + ^ instance, to the strain 
ber the paper he a^L sdd^ ^ 

soldering_in fact there had bin difficulty of 

connecting aluminium lines bv soldeW^^*^ ‘^i'''i«ed for 

ends of the condu^r SetLrwfH ^be 

enced no unfavorable resiS so dering, and o.xperi- 

There wmre brought to metodavar!” *^18 method of connecting, 
yi-e which showl new method of P”*'® ‘b»'idnium 

stitute for solder. Thf proeesf waf 
sisted in welding the pieces too-Pi-l-.^. revealed, but it con- 

not tell .here fad eSrbeSJ J’”" 

if aluminium is now to be capable o^f ho‘ b®*''''^een them. Surely, 

so thoroughly as this, there ifstili & 

duetion as a conductor. “ “ ^ further reason for its intro- 

it was eheapeft?eoMtTuJt°Lraffi^^^^^ amount by which 

per, would be increased tiw^ could kTe“ «op- 

eonsh-uetion of the line bT copner 

yher words, what was the rftie fffn aluminium was. In 

to the copper line. ' «««* of the aluminium line 


trical businesi is so y The wide elee- 

enongh to say what Jill be th^hT experierme 

a.n_ underground eondu-tor at * insulation be around 

ining the slots of a generator rt P^*"“tial, or whetheT t be 

“ ‘“"Mon. o® dSS. SS'S,”/-?,” “n™ to m 

i-ength, follows the same laws 



1900.] 


BISOUSSION IN NEW 70EE. 


671 


as mechanical strength, in possessing an elastic limit and an ulti¬ 
mate limit. While many an insulation will stand a very high 
voltage for a comparatively long time, it will not withstand that 
same voltage indefinitelybat if that voltage he within what 
may be termed its elastic limit, tben it will withstand it in.- 

definitely. _ 

I hope that we may have the privilege a lew years from now 
of hearing again from Mr. Floy on the subject of these cables, to 
see whether 25,000 volts is within or without the elastic limit ox 

his insulation. _ . . 

The President :—The process of welding aliiniimiim that JVir^ 
Dnnn spoke of was described in thisvroom a month ago, at le^t 
I suppose it is the same one. It consists simply in heating the 
aluminium to a certain definite temperature at which it has been 
found that it can be welded very readily with a hammer. Ihe 
temperature is, I believe,that of a dull red.beat, at which the 
metal becomes slightly soft. The process was on exhibition in 

Paris this year. n . i • 

The Secretary: —Was it not understood in regard to alumin- 
nium that it could not be welded? There are several processes 
in the arts that could not be used for aluminium, and it seems to 
me that welding was one of them. I should suppose that it it 
could have been welded that this process would have beentound 
out some years ago in working it. ^ ^ 

The President:— I do not know whether this is a new pro¬ 
cess or not. I only know that it was exhibited in Paris this 
year as a new process. I thought, as Mr. Pope did, that it was 
surprising that it had not been known iDefore. The reason 
ably is that the temperature to which it must be heated must be 
a ^ry definite one; when it is above or below, the process is 
probably not successful; at least that is the way I understood it. 
The welds on the pieces shown in Paris were so perfect that it 

was impossible to tell where they were. 

Mr. Calvin W. Rice :—The attitude of the manufacturers 
towards the problem of cables for high potentials is very interesting. 
I have visited the principal factories, and want to say in behalt 
of manufacturers that there are several who have had lull data 
for a number of years for the manufacture of cables for the poten¬ 
tial mentioned in this paper, and have had testing transformers as 
large as 50 k.w. complete for the testing of their product up to 
as high as 50,000 volts. I think there are four companies that 
can test as high as 60,000, and one can test as high as 1 W,000 
volts. A cable that I purchased very recently has been tested— i 
state this iust to show the ability—to 60,000 volts. There is m this 
city, for work that I am installmg, a 400 k.w. transformer for 
tesfeg the cables at 40,000 volts. I want to suggest sonuething 
of tlie commercial conditions which probably obtained during too 
time of letting this contract. There has been a remarkable 
amount of cable business. The Philippine cable and the cable 
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to Cuba, iSTome and other portions of the world, hare demanded 
all the energies of the cable manufacturers, besides the liomeeim- 
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Db. Wheeleb :—I would like to ask once more if I am to 
understand that the insulation of the cable consumes 400 kilo¬ 
watts. 

Mb. Eice :—It consumes 400 kilowatts apparent energy. I 
do not know what the power factor is. The volt amperes are 
400,000. 

Mb. Floy :—Are you testing in place the cables that you are 
installing now up to 40,000 volts ? 

Mb. Kice:— We are not quite ready to test. It was simply a 
question of the delivery by the manufacturer of the transformer 
which came recently. It has been on order nearly a year, and 
the switchboard for operating it, etc., is not quite set up. 

Db. Wheeleb: —I want to ask once more—I think I under¬ 
stand what is meant by the kilowatts being apparent—in that 
case would it take an engine or belt drive capable of giving 400 
kilowatts ? 

! Mb. Eice :—IsTo, sir; it would not. 

IFTIMb. Edwabd P. Thompson :— I am interested in knowing 
about the reliability of the potential indicator arrangement that 
the author has for indicating e.m.e. thirty miles off—whether 
it is found to allow for drop of electromotive force and so on, 
and whether it wmrks as satisfactorily as it should for that pur¬ 
pose. What is your personal testimony ? I am interested in 
knowing the fact ? 

Db. Sheldon : —I would like to know why you prefer glass 
insulation to porcelain, if there is any other reason than that of 
■cost ? 

Mb. Floy :—I will try to answer this long list of questions. We 
use two-phase current for distribution instead of three-phase, 
because there were already installed 8 in 2 :le phase alternating cur¬ 
rent circuits for supplying current in the outlying districts, and 
the two-phase seemed to lit into that system a little more satis¬ 
factorily than the three-phase would. We use rotary converters, 
because in the center of the city they already had an Edison 
three-wire system, and it would have cost considerable to discard 
that system entirely, and use an alternating current for dis¬ 
tribution. They had in use, a number of direct current motors, 
direct current lamps, etc., which would have been rendered use¬ 
less. 

I am glad to get so much light on this question of decrease in 
charging current as the cycles are increased. With regard to the 
use of voltage the opinion seems to prevail that I have made the 
statement that high voltage had not been used underground. Of 
course that is not the impression I intended to give, as we all 
know that high voltages have been used, 10,000 volts or slightly 
more in London for a number of years, and at JSIiagara Falls, I 
believe, they tested up as high as 20,000 volts some time ago, 
and 12,000 volts have been in constant use between 8t. Paul and 
Minneapolis for three years. I had never before known that 
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30,000 Yolts was ^mmereially used in Paris this last summer, as 
I understand the President to state. 

The Peesident .-—Only as an exhibit. 
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JMaturally these figures as to costs of the plant are most inter^ 
esting. We would all like to know what they are. At the same 
time I do not feel quite at liberty to disclose very much along 
that line. Of course it is easy enough for any one to sit down 
and figure the cost of our copper and come pretty close to it; so 
I do not have any hesitation in saying that the copper cost about 
$30,000 for the 24 miles. We would have saved between $3,000 
and $4,000 in substituting aluminium for copper. 

Mk. F. C. Bates: —I should like to change a possible impres¬ 
sion that may have been created by Mr. Floy’s statement, that no 
other cable manufacturers other than those mentioned in this 
paper, could be induced to bid on his specifications for this 
installation. 

In Mr. Floy’s efforts on behalf of his clients, his specifications 
were drawn in such a way as to put the greater part of the finan¬ 
cial risk on to the manufacturer. As it was an installation involv¬ 
ing some risk, and as at that time there was a great deal of attrac¬ 
tive business offered, at least one manufacticrer declined to 
bid purely on commercial grounds, and not from an engineering 
standpoint. 

Me. Edwakd P. Thompson :—Mr. Floy said that more credit 
should be given to the two companies who laid conductors under¬ 
ground to carry 25,000 or more volts. Of course it is to their 
credit to be so enterprising as to do it, and it may be to their dis¬ 
credit if it does not work well. But the point is that the names 
of the companies do not seem to be given in the paper, although 
names are given v^ery freely, and I think it is perfectly proper— 
trademark names and names of instruments, and so on. But I 
do not find the names of those two companies, and in making 
these remarks I would say that I have no connection with them, 
and I do not know who they are, but I do not see any reason 
why their names should not be mentioned, because we cannot 
give them credit unless we know who they are. 

The Skceetajry :—The position taken by Mr. Bates is exactly 
the same that I took in talking with one of the gentlemen who 
examined this paper as to what I would have done had I been a 
manufacturer of cables. It appeared to me that if there was any 
other way of keeping the plant busy, I should not undertake to 
make cables for an experiment of that kind, and put so much 
capital into them and guarantee them for five years out West, 
and under unusual conditions, or conditions with which I was 
not familiar. 

In regard to Mr. Thompson’s inquiry in reference to the make 
of cables, I think if he is familiar with the cable market he will 
readily know who the makers of the National and Safety cables 
are. 

Me. Mailloux :—With reference to the interesting reinarks 
made about the relative cost of aluminium and copper wire, I 
may state that I have had occasion to figure it recently in con- 
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nection with some transmission lines which were in prospect, and 
1 fonnd that with copper at 21^ or 22 cents, the cost of line 
material for the same conductivity, using aluminium, bore to cop¬ 
per the relation of about 17 to 22. With copper wire at 21^ 
or 22 cents a pound, the same conductivity and carrying capacity 
with aluminium wire would cost the same as if copper were re¬ 
duced to about 17 cents. Hence if copper falls down to 17 
cents, and the price of aluminium remains stationary, the same 
conductivity with the two metals, costs about the same. The 
cost of the line, of course, includes a constant plus, a variable 
quantity, the constant being the cost of the pole line, which, for 
a given case, is pretty nearly independent of all conditions, in¬ 
cluding the size of line, because ordinary precaution dictates the 
use of certain size poles and a certain spacing, etc., which are 
very little changed, no matter what may be the number of lines 
put upon the poles. The number and size of cross-arms may be 
changed, but these do not affect the cost very much. The num¬ 
ber and cost of insulators, for a given case, may be considered 
constant. ^ On the other hand, the cost of the metal portion of 
the line will increase with the conductivity. It will also increase 
with the number of lines, if two or more complete lines are to 
be put upon the same poles; the increase being largely due to 
the increase in number of insulators. 

With regard to underground cables, I-have been surprised to 
find that there is much difference in the method of constructing 
them here and in Europe. Some three years ago I had occasion 
to^ investigate the niatter carefully in Eastern Europe for some 
clients who were interested in having the subject studi'ed for 
them.^ I was surprised to find that in Austria, in Plungary, and 
even in the eastern portion of Grermany, cables are being made 
for use with pressures varying from 2,000 to 12,000 volts, which, 
outwardly at least, are very little different from what we call 
triple braid weather-proof wire’’ in this country; I visited two 
large factories where cables for high pressures were being made 
by wrapping the copper conductor with three simple braids of 
cotton or jute, or sometimes with linen or cotton thread, the 
braids being somewhat thick. For a 10,000 volt cable the total 
thickness would be perhaps from one-eighth to three-sixteenths 
of an inch. Each conductor receives its own wrapping; and 
two, three, or more of these conductors (as many as are required 
for the purpose), are bunched together, and the cable sheath of 
lead is put over them, after they have been treated with an in¬ 
sulating^ compound. The cables are insulated simply by baking 
the moisture out of them and by passing them througli a com¬ 
pound, the exact composition of which is a secret. 1 have seen 
these cables tested up to 25,000 volts, the entire cables being put 
into a vat of water just as they came from the factorv, witli the 
two free ends sticking out of the vat, and all the conductors 
being coupled together in parallel, and the source of potential 
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being connected between the cables and the water in the vat, so 
as to give every possible chance for leakage. I have seen cables 
with one or two wrappings of this braid, of two or three milli¬ 
meters total thickness, treated with a compound and covered 
with a sheathing of lead, subjected to pressures of 15,000 volts 
for an indefinite length of time without apparent effect. The 
central station manager in one of the large cities in Hungary 
told me that underground work would scarcely be possible there 
unless they could obtain underground cables at much lower cost 
than that at which they could be obtained, if rubber or any ex¬ 
pensive insulation had to be used. It is a matter of some sur¬ 
prise to me, therefore, to find that, in this country, we have to 
resort to such expensive processes of cable manufacture in order 
to obtain cables that can withstand the pressure of 6,000 to 10,000 
volts. 

Mr. Rice :—I would like to speak upon the point of the neces¬ 
sity of a large insulating wall for high pressures. We have 
cables in New York City which have been in service about 
eleven years, and we have had considerable experience, and we 
have found from actual experience the necessity of it, and for 
the 6600-volt work we consider it essential that there be at least 
10/32 of rubber insulating wall, of a compound as good as that 
mentioned in the paper to-night, i. e.^ about 35 per cent, of rub¬ 
ber compound, in order to insure an absolutely safe cable. 

In connection with Mr. Mailloux’s remarks regarding the test¬ 
ing of cables with jute or cotton insulation at such high voltages, I 
should like to ask the capacity of the transformers that were used 
in testing, and if you observed how the potential was measured 
at the time of the test. 

Mr. Mailloux :—As near as I can recollect, in one of the fac¬ 
tories that I visited, the machine used was of about 25.kilowatts 
capacity. It generated a low electromotive force which was 
raised by step-up transformers of sufficient capacity (apparently 
suitable for the machine), and the potential was measured by an 
electrostatic voltmeter of the Kelvin type; so that there could 
be no doubt as to the pressure. The voltmeter was connected di¬ 
rectly at the terminals of the transformer. 1 have seen this 
alternating pressure remain in application for fifteen or twenty 
minutes. In fact, I was allowed to let it continue as long as I 
wished it to stay. I did not care to have it tried any longer than 
ten minutes. 1 was perfectly satisfied after even five minutes. 

[Adjourned.] 
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At tlie Omalia meeting of the Institute I presented for jonr 
consideration an outline of a method^ for the determination of 
the surface density of the magnetic flux at the air line bounda¬ 
ries of masses of magnetic material, when such masses are sub¬ 
jected to the influence of known electro-magnetic forces. 

In the present paper it is my purpose to elaborate the method 
referred to, and to present the results of further experimental re¬ 
searches in support of the accuracy of the theoretical treat¬ 
ment. 

By way of an introduction to new matter it is well to review 
the concept of the interaction of the elements involved, which is 
the basis upon which all aniplifications of the method rest. This 
•concept is simply but effectively developed by a consideration of 
such an arrangement of parts as is shown in Fig. 1. Here the 
armature is taken as a plane extending indefinitely to right and 
left. The pole-piece is a rectangular block extending indefi¬ 
nitely in a vertical direction above the armature, and having 
perfectly square corners. The length of the air-gap or the ver¬ 
tical distance from the pole-face to the armature surface is the 
same at all points. Both the armature and the pole-piece ex¬ 
tend indefinitely at right angles to the plane of the paper, Fig. 1 
being only a cross-sectional view of the apparatus assumed. 

1. Transactions, vol. xv., pp. 515-529, 1898. 
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Suppose, now, that an m. m. f. is applied to the pole-piece to 
set up a magnetic field in the air-gap. Since the permeance of 
the pole-piece and of the armature is high, we can consider, for 
all practical purposes, that all points on the sides and face of the 
pole-piece are at the same potential relatively to the armature 
surface, and that all points on the armature surface are at the 
same potential relatively to the pole-piece, and that, thei-eforo, 
a constant difference of magnetic potential exists between points 
on the pole-piece and points on the armature. That is, for all 
practical purposes, there is the same difference of potential 
between (a-o) as there is between (c-n) or (d-m). 

And, the number of lines of f yrce that pass between any 'pair cf 
points on the pole-piece and the armature respeotively {ps n-d, in 
the plane of the paper) is inversely proportional to the distance'^ 
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field varyiDg in its intensity inversely as the distances taken 
from the point. An infinite number of such section-planes, ar¬ 
ranged parallel to one another and at right angles to the polar 
and armature surfaces, and, therefore, extending in a pile to in¬ 
finite distances above and below the plane of the paper, will hold 
within their surfaces the magnetic lines emanating from the 
pole, for the magnetic forces at similarly situated points main¬ 
tain such an equipoise by mutual repulsion as to prevent them¬ 
selves from escaping the confines of their respective planes. For 
such cases the law of inverse squares does not hold, whereas, the 
law of inverse proportion does hold. 

If the source of m. m. f. be brought within the more immedi¬ 
ate vicinity of the armature surface, the conditions of potential 
distribution -are at once modified. Suppose the energizing coil 



Fig, 3. 

to occupy a position between and {jj-m). Then, as beforey 
there will be a constant diflierence of potential between ia-o) and 
{G-n\ but the potential difference between {d-m) will be zero.. 
Under these conditions, then, the difference of potential between 
points on tlie polar surfaces below {o~n) and the armature is a 
maximum. The differenced potential between polar points 
above {p-^n) and the armature surface is zero, and the potential 
between the armature and points on the polar surfaces {n-m) 
and (p-p) will be proportional to the distance the points are 
within the coil and above {p-n\ divided by the height of the 
coil {n-m). 

Therefore, where potential variations occur,^ the numler of 
lines of force that pass between any pair of points on the pole- 
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piece and the o/rmature respectwely^ is directly proportional to 
the potential between the points^ and inversely proportional to 
the distance between them. And the strength of the magnetic 
field at the surface of the armature at any point is p 7 *oportional 
to the sum of the products of the differences of potential be¬ 
tween the point amd all the points on the perimeter of the pole- 
piece^ by the respective reciprocals of the distances of the point 
from all the points on the perimeter of the pole-piece (as shown 
in Fig. 2). 

Armature Surface Density. 

The curve a in Fig. 1 represents the distribution of the mag¬ 
netic flux at the surface of the armatiore as determined by the 
foregoing method; for the length of any ordinate {Ji-d) at any 



point (Ji) on this curve is equal to the sum of the reciprocals of 
the distances of the foot of the ordinate {d) from all points 
on the pole-piece. The curve a extends indefinitely to right and 
left, and is asymptotic to the surface of the armature. The curve 
indicates that the strength of the magnetic field does not diminish 
as rapidly as is usually supposed after the limits of the working 
air-gap proper are passed. 

Fig. 2 illustrates the field strength at the surface of the arma¬ 
ture when a pole is acting upon it which carries an energizing 
coil placed but slightly above the pole corners. The ordinates 
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of this curve are not so high as those of curve a. Fig. 1, on ac¬ 
count of the difference in the potential distribution in the two 
cases. Suppose we bring up another pole, similar in every res¬ 
pect to the first, except that it is of opposite polarity. It will 
tend to set up a field density at the surface of the armature 
that is represented by curve b of Fig. 3 ; but since this magnetic 
field is opposed to that of the pole n, a field will result that is 
equal to the difference of the superimposed fields, or to the field 
strength represented by the curve c, Fig. 3. As a result of the 
subtraction, the fiux density is shown to be zero at any point on 
the surface of the armature that is midway between the two 
poles, and that the sign of the field is reversed at such point. In 
this case the strength of the field at the surface of the a/rmature 
is greatest at the center of the poles and diminishes to right and 



left. The reduction in the strength of the field under the pole 
corners is marked, and the form of the fringing field is clearly 
outlined. It is to be further remarked that the contour of the 
curve 0 of flux distribution changes its form as the distance be¬ 
tween the poles n and s is varied. 

Folk Face Surface Density. 

The flux entering the surface of the armature from any one of 
a number of poles acting upon the armature has been shown to 
be proportional to the ordinates of the curve c. Fig. 3. Now 
this flux mast of necessity largely emanate from the pole face 
that is immediately above the surface affected, and by applying 
the process of reciprocal summation from points on the polar 
perimeter, to all points on that part of the armature surface 
which is covered by the curve c, between two consecutive zero 
points, it is possible to develop the curve of pole face surface 
density. The results of such a summation are shown in Fig. 4. 
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The ordinates of the curve d represent intensities of the flux 
leaving successive points on the perimeter due to the 

presence beneath the pole of a part {a-d) of the armatjire sur¬ 
face that is equal to the polar pitch. The curve d is plotted 
against the polar perimeter developed into the 

straiglit line Tlie ordinate {j-i) represents the in¬ 

tensity of the flux leaving the pole tip at (u)^ the ordinate above 
({?) represents the intensity of the flux leaving the pole corner (r)y 
and so on for other points. All of the flux that leaves the pole 
below the line {o--n) is acted on by the maximum m. m. f. be¬ 
tween the pole and the armature. The flux leaving points on the 
pole above {o-n) is acted on by m. m. f’s which dimmish gradu¬ 
ally until is reached, at and above which there is no 

M. M. F. acting to produce a field, and therefore no flux leaving* 
the surfaces. 

This diminution in the potential is the cause of the slight peak 
in the curve b on either side of the pole. The ordinates of these 
peaks represent flux intensities at (p) and (p) respectively, as is 
indicated clearly at {o') of the curve b'. Curve d' is the same as 
the pole tip portion of curve b, only it is plotted dii’ectly 
against the pole tip or side polar surface. If one loop of the 
curve 0 , rig. 3, is integrated, and this area then subtracted 
from the central portion of the area included between curve b 
and the base line the area will be taken. 

This area is then proportional to the flux leaving the pole and 
entering the armature, and as from any one elementary pai't of 
an area the flux can only flow in one direction, the polar limits 
of the area b-^-^-Z~b should be pole tip points {u and 'v) above 
which none of the flux leaving the pole enters the armature. 

Polar ISurfacr Leakaoe Flux. 

In the case of two electrically energized poles, such as poles 
N and s of Fig. 5, there is always a considerable flow of magnet¬ 
ic flux between them. If we consider the armature entirely re¬ 
moved the whole force of the m. m. f. acting will be expended 
in setting up a leakage field between the poles. In-as-mucli as 
the M. M. F. acting and producing this field is the resultant of 
two coils, instead of being due to one only, the difference of 
potential between adjacent pole faces will be twice, that acting 
between any pole face and the armature. Furthermore, the 
difference of potential between the pole faces {s) and the yoke 
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(m') will be equal to the m. m. f. acting between the pole face 
and the armature, or to one-half the m. m. f. acting between 
adjacent pole faces. Therefore, by the application* of the method 


1. Note.—B y carrying out the application ol the principles upon which the 
method depends to the limit, in the calculation of leakage, it will be found that 
any inconsistency which there may seem to be in the statement, ‘ ‘ there wi e 

an appreciable amount of leakage flux passing from the upper . . 
faces ” vanishes. To accomplish this, no surface between which and tte point 
from which the summation is taken there is the least potential diflerenM 
should be neglected. To be more explicit, let us refer to Fig. A, and consider the 



flux entering the upper pole face at the point (a). There is evidently a positive 
difference of potential between (a) and every point on the penmeter 
f_g_h-i-h'-g'-f'-e'-d'-o'-b') of the section of the cylindrical system shoira m 
the figure, as the energizing coils occupy the spaces between (b-b )> (^“^) 
(h-h') (f-f'). Therefore the flux entering at (a) is proportional to the summa¬ 
tion of reciprocals, taken with proper reference to m. m. p., ^ 

the perimeter. If we consider any other point, as for example (c), it is found 
that there is a positive potential between (c) and all points on the perimeter 
(o-d-e-f-g-h-i-h'-g'-f'-e'-d^-c'lbut a negative potential between (c) and au 
points on the perimeter (c-b-a-b'-c'). Therefore, the flux entering at a,ny point 
below (b-b') as (c). is proportional to the summation of reciprocals, mth 

proper reference to m. m. p. and tign. The result of a complete set of summa. 
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as outlined there will be an appreciable amount of lealcai^o Mux 
passing from the upper, as well as the lower polar surfaces 
inclosed by the energizing coils. ^ 

The curve e of Fig. 5 shows approximately (see foot-note) the 
extent of the leakage held developed between the polo n ami the 
indicated by the curve n' passes to the poh' at 
he lef of pole .. The complete amount of leakage Mux fr<,n 

eluded between the curves e and 1 /and the polar perimeter. 

In taking the summations for these leakage curves, the whole 
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The Ooefeioient of Maghetio Leakage, s 
To determine the actual distribution of the flux over the polar 
surfaces, the leakage field of Fig. 5 must be superposed upon 
the pole face distribution curve of Fig. 4. This super-position 
is shown inlFig. 6. The points (■i) and (Z), at which the curves 
D and E cross, determine the limits of the useful and leakage 
fields of the system. The fiux shown by those parts of the 
curve E which lie above (Z—u) and {u—i) set the boundaries of the 
leakage field, while the parts of the curve n which lie below {s-v) 



and {u-i) mark the extent of the useful field. It is, therefore, 
evident that the coefiicient of magnetic leakage of the system 
will be equal to the ratio of the sum of the useful and leakage 
areas to the useful area {vr4--s-T-4- 

u-«). By this combination of curves we have determined the 
final factor in the exploration of an electro-magnetic system that 
is composed of one or more poles acting upon a plane surfaced 
armature. 
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The Effect of Slots. 

When slots or grooves are cut in the surface of the armature 
they diminish the total flux passing from the poles to the arma¬ 
ture surface by a considerable amount. In making a calculation 
of the distribution of the flux over the bottom and sides of a 
slot the same method of reciprocal summation should be fol¬ 
lowed that is used to determine armature surface density curves, 
such as curve a of Fig, 2. However, owing to the fact that the 
sides of the slot materially dimmish the extent of the approach 
usually open to flux as it passes from the pole to the armature, it 
is wrong to consider the full value of the ordinate obtained by 
this summation as representing the flux intensities around the 
slot surfaces. 



If the summation is taken in the usual manner for such 
a point as at the bottom of the slot shown in Fig. 7, the 
result, by comparison with a similar summation for the point (/) 
at the edge of the slot, will only be decreased by an amount that 
is inversely proportional to the average increase of the distance 
of the point (y) from the pole surface points. If the confining 
influence of the sides of the slot was removed, this decrease 
would represent a true condition; but as the confining influence 
cannot be removed, it greatly reduces the permeance of the path 
open to the flux, and a contraction co-efficient has to be intro¬ 
duced to reduce the flux ordinate in proportion to the average 
decrease in the width of the approach imposed by the dimensions 
of the slot. By this means a correct estimate of the effect of the 
slots upon the permeance of the air-gap is made possible. 
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Mathematical Teeatment. 

Tlie calculation of such flux distribution curves as have been 
shown in the preceding flgures is best accomplished by an appli¬ 
cation of the calculus. 

In developing a series of formulas to cover all the probable 
cases let us first turn to Fig. 1. In determining the value of the 
ordinate at (d) three operations are necessary. One integration 
will give the summation of reciprocals from {d) over the surface 
(r-j?), but a second must be taken for the surface {s-r) and a third 
for the surface (s-m). 

Consider first the surface {r-p)^ which is at a constant differ¬ 
ence of potential relatively to id). Let (y) denote the reciprocal 
of the distance of any point on the surface {r-p) from (d)^ and x 
the distance of any point on the surface (j'-p) from {d) measured 
around the pole corner (r), then, if the distance (d-r-p) = the 
maximum value attained by and {d-r) = aJn, the minimum 
value attained by ce, since 


therefore 




(1) 


For the summation over the second surface let ip) denote the 
reciprocal of the distance of any point on the surface {s—r) from 
{d)j {x) the distance of any point on (r-s) from (?{), and {a) the 
constant length {d-t).^ then 

_ 1 

and if = (t-r) and 
rp Xm 

Xxa P 

^ ys-r = f -7-f=| = L 


log r- + 


(2) 
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Since the summation over’the surface {$-ni) is accomplished by 
the application of formula (2), in which the value of {a) is the dis¬ 
tance {dr-G)^ therefore, making = {c-m) and = (g-s)^ 


t2/jn 

J/s—in“ 
i»n 


lo^e 

W -f -1- 


and the yalne of the ordinate at the point {d), or 


(3) 


(d — h) 


Xm 

^ ^r—p ^ J/s—r ^ ^/s—m 

X^ Xj, Xj, 


The ordinates of the other points on curve a, Fig. 1, are* 
obtained, by the application of (1) and (2), in a similar way. 

Where the energizing coil surrounds the pole as in Fig. 2, a 
modification has to be introduced in taking summations of recip¬ 
rocals over the surfaces (o^) and {n-m)^ owing to the variations 
in the m. m. f. within the coil. However, the surfaces (r-o) 
and (s-n) of Fig. 2, are treated in the same way as the surfaces 
(r-p) and (s-m) are treated in the case of Fig. 1. 

In considering the summation from (d) to provision 

must be made for the fact that the m. m. f. between (o) and {d) 
is a maximum while the m. m. f. between {p) and {d ) is zero. 
To do this, ^ propoTtional m. m. ^.factor must be introduced into 
the, differential of (1), which has the value one when x = 
(d-r-o) =a?a,andthe value of zero when x = {d-r-p) = Xj^- 


X . 


B 


in which A. = x^ and B = x^ — x^, or ‘ 


is such a factor, and therefore, in Fig. 2, 




; (11) 


2 yo-p 


Xjji 

Xn 


B 


X dx A . . . 


X 

B _ 

®n 


■ loge («) 


■ 
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(3) 


In the case of the surface Fig. 2, the same m. m. f. 

reduction factor is introduced into the differential of (2) as in the 
case jlist treated. Then, 


m)- 






— y.^ + Vd^ + a?) — 



= / ^m+ Va^J^x^ \ _ Va^+x\ 

\ 

In determining the value of the ordinates of the pole face flux 
distribution curve the formulas so far developed only suffice in 
part. The length of such an ordinate as {o-o') of Fig. 4, is 
determined by two operations, one giving the summation over 
the surface {a-l)) and the other the summation over (5-^?). In 
the former case formula (2) is used, {a) being made equal to the 
distance (o-b) and x varying in value from zero at (b) to {h-a) 
at (a). 

To effect the second summation a new expression is necessary, 
as the distance {o-t) enters as an independent constant in deter¬ 
mining each reciprocal. Let x equal the distance from (J) of any 
point on {b~d), {a) equal the constant distance {r-b) and (5) the 
constant distance {o-r), then, putting == and x^, == zero, 
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and 




2 =/ 

O^Tx 

therefore, when a>5 








5 2/b-a=loge(*+ -lL=tan-{t±ti£±2!) T 




'^m+ 4 / 

, 25 

, J22ji4' 4 /) 



tan" 






“) 


-tan~ 




+ J + t/o* -f a?\ 


)] 


(5) 


when a = b y- 


^ 2^b--d — loge (c!^ -|- 4/^^ -j-. ^2 ^ _|_ 


2 


^ ”1” “I” 4- L 

a?; 

= log.(|q. ;%+?- )+ 


+ + <^ + 4“ ‘ 


2 a 


and when a <^b \— 
a?m 

2 2/b-d = loge (o? “|- 4/^a _|_ ^2^ 


+ ^» + 4/(^2 ^ ^^.3^ 


(^) 


— ^ W + ^ — — 6^^ \r 

d? \J3/ 4“ 4 /a^ 4" ^ — cn L 

a:Jn 

= loge ^ 

\a?n + 4 /a^ + 
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L\®oi + -|- "h ^ + 4/5® — a®/ 

\®n + 4/®^ + ^ - 4/^2 — ^2/J (Y) 

And, therefore, since in the present ease of point ( 0 ), (a) is less 
than (5), formula (Y) gives the desired summation over (i-d). 

For the summation over this surface (5-(Y) from («), formula (6) 
is used, as (v-r) = h = (r-i) = a. For points between (-y) and 
if) formula (5) would be used, as (a) is greater than (5) for such 
points. 

When estimating the intensity of the flux leaving points on the 
side of the pole above the value of the proportional 

ordinate is first obtained in the usual way, and then reduced in 
direct proportion to the distance the explored point is from the 
top of the coil. The value of the ordinate to curve n^ at (t), Fig. 
4, is equal to,— 

it — iJO = yb-a by (2) -h ^ by (Y) 1 (14) 

^ ®n J (" - i?) 


where = (5-a) in (2), and {b-d) in (Y), and x^ — o in both (2) 
and (7). In a ease such as is shown in Fig. 4, formulas (2), (5), 
(6) and (7) are all that are needed. 

in the determination of data for plotting leakage flux curves, 
like those shown in Fig. 5, other forms are encountered. Tlie 
value of the fl.ux ordinate at ( 5 ) is determined by the application 
of (2) to {s'-n') and (1) to {s'-r'-o')^ each result being doubled, 
as there is double the pressure between the poles that there is 
between a pole and the armature. For the summations over 
(n^-m') and however, special proportional m. m. f. fatjtors 

must be used as the proportional value of the m. m. f. between 
{s) and {n'-o') is 2, and between (s) and is one. 

To fi.nd the value of the proportional m. m. f. factor, put 
= {s'-n^) and = {s'-m') in,— 



1 
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A~ 




2 


, and also, JB =1 A 


A — A — 
A = 2x^- 
B = — 


2 

- 


and the value of the proportional m. m. f. factor 


IS 


A — X 2 




( 12 ) 

XAA " IX 

Sund ^ ^ in (4) and (3), 

i ) d (3) can be applied directly to the obtaining of complete 

^mmations over the surfaces { n '- m ') and ( o '- p ', respectively. 

A Ly(o'-.po] values so determined must not be 

doiibled before being added to the results obtained above for the 
ur aces (s n ) and {s as such correction is taken care of 

by tlie proportional m. m. f. multiplier of (I 2 !). 

In obtaining summations for points such as (t), located on the 
pole surface within the coil, special care must be taken to provide 
norreet proportional m. m f. factors. For the surfaces and 

-r -o ), to which (2) and (1) apply respectively, constant value 
proportional m. m. r. factors 


equal to ~'^) + jn,' ~ n') 
{m~n)-\- (m! — rJ) 


must be used. 


(13) 


For the surface {p'-p') the 
must range in value from 


variable proportional m. m. f. factor 


{t — m) -f- {pn' — 

{m — to) -f- {m' — n') ’ 


when X = {t - s'~r'- o') = x,, to 


_- 01}) 

{tyi — n) {on' — n) ’ ^ ^ {t s' — r' ~ p) = and 

be applied in (3). 

Similarly the proportional m. m. f. factor for the surface 

{f — m') must vary between (^ — ”^) + (t' — m') ^ 

{m — n)-\- [m' — n') ^ 
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t — m , 

n') ® = zero, and x = {t'- m') = 

CBm, respectively. 

The limits of the value of the factor for the surface {t' _ n') 

are (j-^) + K-mO if - m){f - 

in — in' — m') (^^ — m) {n' — m') 

for X = if'-n') = ajm and x = x^ = zero, respectively. The two 
last mentioned factors are used with (4), {a) being equal to if—t'). 

There are certain other cases which arise which can only be 
met by the introduction of a proportional m. m. p. factor into the 
,differential of (5), (6) and (7). Such a ease is well illustrated by 
a determination of the leakage flux ordinate of the curve e at the 
point (y), Fig. 5. The summation over the surface {s'—r'—o') is 
easily effected from (/) by applying (1) and doubling the result. 
The summation over the surface is effected by applying 

(3) in connection with (12). The summation over is 

obtained by applying (5) and doubling the result. But the sum¬ 
mation from (/), Fig. 6, over {n'-m') can only be calculated by a 
proper substitution in the integral of the product of (12) bv the 
differential of (6). 

Here then, we have,— 


A — X 


dx 


and 


B 5 -f- ^^2 ^2 




^ y(n'—inO — ^ 


A — X dx 


B J -j- ^^2 


when <2 > 5 


^ I [H times formula (5)] ~ 


C iV -f a?^ — J loge if) -t- ^^2 _J_ ^)-\ I 


A 

B 


log, — 

V -h -f x\} 
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2 I 




tan” 


\ Va^ _ A2 / V 


Va?—¥ 


)]1 


-1 


Vd^-\-a?ra J+L^_ A log 


jB 


B \5 -j- A^a?' + x\ 


p) } 


wlieD a = h 

= ^ I [J. times formula (6)J — 

a?, 

[ Va^ + i loge \h + -(/^Pip^a)] | 


A 

B 


\ log. f" + + 


2 a 


i + <^ + dd^ + ^ 


a 


+ ^ + Vc? 4- 


B 

/^+ ) (-AN 

B ^dr+-v^+<)\ V 


= ^ I [J. times formula (7)] — 

\.Vd^ ^ — t) loge (5 + j/ffP + ;»2)] 

j loge (— 7 + _ 

t ViTe + |.''a- + a;,j/ 


when a < 5 
1 


4^ 




lot 


K 


+ «?m + ^ — — d^' 

■^m “h -|_ “h ^ -)- 4/5^ 


4\ 


' ^g + Va- -|- a;\ + ^ 

'g + V + ^ — •V'^'-* —Tv J 


^ + — A/a^ + ai\ _ _J (h + Va* , 


f (iO) 
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Kow, since in the case of the point (/) considered, (5) = (/-«) 
and is therefore less than (a) = (s-s'), formula (8) is used; and hy 
putting A = (2 B = and = {s'-n') 

in (8) and solving, the value of for (/) of Fig. 5, is 

readily found. 

Finally, therefore, the ordinate (/-/') of curve e, Fig. 5, 
equals ’ 

if f) = ^ {^y{B'-T'~o>) + Vio'-p') + 22/(s/_n') + 2/(n'~m0) (15) 

Q 



Fig. 8. 


^ It has been pointed out (see page 688) that, to obtain the flux 
distribution over the side and bottom surfaces of slots, a contrac¬ 
tion co-efficient must be entered as a factor in the final evaluation 
of the reciprocal summation of all points lying within such slots. 
This co-efficient is given a value that is proportional to the. reduc¬ 
tion which the slot imposes upon the approach to a point in the 
slot from the pole. If a point is taken on a smooth armature 
surface the width of the approach from any surface that is M 
units distant above the point is (jt r -f k), where (Jc) is the width 
of the surface at the distance (r) above the point. That this 
assumption is justified is shown by a consideration of Fio-. 8. 
But if a point, as point (y). Fig. 7, is taken ait the bottom of a^dot 
which has a depth (r) and a width (k), the approach to the point 
at a distance (r) from the point has now a width of only (k); and 
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since all tbe lines of force whieti pass from the pole to the point 
ig) have to pass between the edges of the slot opening, the slot 
diminishes the approach to the point in ratip of (yfc) to (tt ^ -f ^). 

In making calculations for the intensity of the flux entering 
the surface points of the slot, the contraction coefficient is given 
the form 


contraction coefficient = ^ HgN 

7t r -\-'k ^ ^ 

in which {f) is the distance that the point in the slot is from the 
top of the slot, and {]£) is the least width of the slot between the 
point considered and the top of the slot 
The proportional flux density at the point {g) of Fig. 7 is, 
therefore, equal to ’ 


/ 

^ by (2)] + 

2 [j/y-r by (7)] + 2 by (1)] + 2 by (3)]^ (17) 

ID SO fai as tbe preseoce of the one pole iDfluences the poiot. 

When integrating to obtain the flux intensities at the pole face 
where the armature surface is slotted, the summation from the top 
surfaces of the teeth is obtained just as the surface summation 
for curve n of Fig. 4 was obtained. When the integration is 
earned to the sides and bottoms of the slots, however, variable 
contraction coefficients must be introduced which have the Gen¬ 
eral form of the proportional m. m. f. factors discussed in connec¬ 
tion with (12). For instance, if it is desired to obtain the sum¬ 
mation at point {v), Fig. 7, from the surface {f-f) of the side 
of the slot, a contraction coefficient must be applied to the differ¬ 
ential of formula (2) that has a value of 

77 7 a — Ij when v = —__ 

a.ud a value of 


_ (t~f) 


1 

{u-f) 


(19) 
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Therefore put 


and 

A— 

B 



{t ~ t') 

^ if ~f) + it — t') ’ 



solve for the values of A and B and substitute them in (4). 
Then (4) applied to the case in hand will give the reciprocal sum¬ 
mation at {u) covering the surface (/-/')• Other points on the 
pole face relatively to other surfaces in the slots must be treated 
substantially in the same manner. 

Pea OTIC A I; Application. 

In illustrating the practical>pplication of the method that has 
been discussed to theTdetermination of the flux distribution in 
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line (37H39) 

= 9.80 centimetres 

“ (39)-(10) 

= 7.40 

“ (37H17) 

= 4.06 

“ (37)-(30) 

= 8.20 

“ (10H38) 

= 15.50 

“ (38H30) 

= 12.95 

“ (38H33) 

== 30.08 

" (10H39H1'?) 

= 18.00 

“ (10)-(39)-(3)-(38H34) 

34.13 

“ (10i-(39H3H33H351 

==*51.26 



Fig. 12. 


It is perfectly proper to produce constructions into the arma¬ 
ture core and pole pieces, and take measurements therefrom so 
long as none of the distance lines, such as line (l0)~(29)-(17)y 
which are included in a summation fall materially inside of the 
boundaries of such portions of the iron part of the machine as 
are depended upon for the data. For this reason it is advisable to 
use formula (5) as illustrated, in getting the summation over the 
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surface (17)~(-20), instead of using formula (2) and putting the 
distance (10)-(28)=(«) and the distances {28)-(ir) and (28H201 
respectnrelj equal to («„) and (a?„) for such a summation. The 
latter procedure would require the first distance line to pass 

ooints ^ f thereby cut into a surface, all 

TheoretLir tV ^ constant potential. 

Ilieoretically this is an impossibility. 

posed to be remOTed at the time the data for the single pole 
mature distribution curve a is being determined. 

the summations for which the data is given in 

of the tabl'e The i" laand column 

table. The partial summations («, 3 and u), in the case of 



point (1), are doubled in obtaining the total a« the • .. i • 
symmetrica] with the nole it i^®^ug 

summations over one of the t ® y necessary to take the 

perimeter lying on either side oTp^af 
positepTOflriVl^d *'7 ?.) *» m Table 1, op. 

■13 i. obtainV rtl to ° , 0* 4 

r%. 13, ,Mcb ahow^4t,d7„"e rl: "'““l* 

pears. Subtracting the ordin^itpa %-P ^ 

«.-e 0, K,. 13?eXf7So",^r7'r •“»“ »'“4 

Strength of the magnetic field aleiil th ] ’sanations in the 
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TABLE I, SECTION 1. 

Single Polk Armatuee Surface Distribution Curve -Data. 



Mh g efl 

2 g « 
I 2^ o| 

mber of 
nt from 
ch sum- 
ation is 

a desig- 
on letter 
separate 
grations. 

a 

1 



.0 1 Tl 2 

6 ^ Si w 

artial 
i total 
mation 
dues. 


1 


^ <U 

Q a^.S 





12; .5 

pH C fa > 

Ca 

w 




a 

.476 

0 

0 

6.05 

2 

3 241 




b 

0 

0 

6.0s 

10.18 

I 

.518 




c 

total 

0 

0 

10.18 

27.31 

3 

.581 

8.680 


lO 

2 

a 

b 

.476 

0 

0 

0 

0 

2.46 

2.41 

6.59 

2 

1 

2.31S 

.986 





0 

0 

6.59 

23.72 

3 

.770 





.476 

0 

0 

5-33 

2 

3-110 





0 

0 

5*37 

13.73 

I 

.940 




total 

0 

0 

13.73 

30.86 

3 

.460 

8 581 




a 

.476 

0 

0 

1.22 

2 

1.634 



3 

b 

0 

0 

I.-30 

5-43 

I 

1.431 




c 

0 

0 

5-43 

22.56 

3 

.S80 




d 

.476 

0 

0 

5-33 

2 

3.lie 




f 

total 

0 

0 

5-37 

14.73 

I 

1.00^ 




0 

0 

14 73 

31.86 

3 

.436 

8.504 




a 

0 

0 

.476 

4.61 

I 

2.272 



4 

b 

0 

0 

4.61 

21.74 

3 

.972 





.476 

0 

0. 

5-33 

2 

3.110 





0 

0 

S 37 

15.93 

I 

1.087 




total 

0 

0 

15 93 

33.06 

3 

.414 

7.855 




a 

.455 

0 

1.2 

5.42 

2 

1.510 



5 


I.OO 

0 

.72 

4*85 

2 

2.038 




c 

d 

1.06 

0 

4.85 

21.98 

4 

.920 




0 

0 

5.45 

17.13 

I 

1.145 




total 

0 

0 

17.13 

34.26 

3 

.380 









5.993 



6 

a 

•37 

0 

2.42 

5 .42 

2 

.802 




D 

2.22 

0 

1-73 

5.86 

2 

1.000 




C 

2.22 

0 

5-86 

22.99 

4 

1834 




Q 

0 

0 

5-45 

18.33 

I 

1.212 




6 

total 

0 

0 

18.33 

35.46 

3 

•364 









4.212 




a 

4-50 

0 

1-75 

S.87 

2 

■703 



7 

D 

4-50 

0 

5.87 

23.00 

4 

.6a6 




C 

. t 

0 

4.82 

20.73 

2 

1.458 




c 

total 

0 

0 

20 73 

37-86 

3 

■334 









3.141 



8 

a 

7.76 

7.76 

0 

3-i6 

7,29 

2 

-438 




0 

7.29 

24.42 

4 

.590 





0 

0 

8.40 

24.23 

1 

1.058 




total 

0 

0 

24.23 

41.36 

3 

.290 

2.376 



9 ■ 

a 

b 

10.86 

10.86 

0 

0 

S-oo 

9.13 

9.13 

26.26 

2 

4 

.316 

.480 




d 

total 

0 

0 

0 

0 

12.00 

27.88 

27,88 

45.01 

X 

3 

.841 

.250 









1.887 




a 

9,80 

7.40 

4.06 

8.20 

5 

.220 


lO 

10 

D 

C 

15.50 

0 

12.9s 

30.08 

4 

.350 



d 


0 

18.00 

34 'i 3 

I 

.636 




total 

0 

0 

34.13 

51.26 

3 

.210 









1.416 


Note: Point No. i 
•only taken over half the 
total.” 


, bein^ symraetriplly placed with reference to pole N, th 
polar surface. Values a, b and c, must therefore be double 


summation is 
to obtain the 





TABLE I, 8ECTI01T 2. 

Pole Face Density Distribution Curve Data. 


i6 




II, being symc 

aktn over half the polar surface. 


1 




— 

——-- 

-- __— , 

1 tHKen. 

Data desi 
nation lett 
for separa 
integration 

a 

i 


X 

Number o] 
formula 
used in 
integration 

Partial and 
total sum¬ 
mation val¬ 
ues. 

a 

b 

♦476 

0 

0 

3.61 

2 

2,721 

total 


0 

3-69 

12.00 

I 

1.180 
7.802 

a 

b 

.476 

0 

0 

0 

0 

3-69 

3.61 

9.00 

2 

I 

5.442 

.891 

total 

0 

0 

3.69 

15-00 

I 

T.403 






7.736 

a 

b 

.476 

0 

0 

0 

0 

3.69 

3.61 

6.00 

2 

I 

S.442 

.488 

total 

0 

0 

3.69 

18.00 

I 

T.58S 







7.515 

a 

b 

.86 

.476 

0 

•476 

• 17 

0 

6.16 

3.61 

2 

6 

2.352 
! r.838 

total 

0 

0 

4.17 

18.48 

I 

1.488 






S.678 

a 

b 

1.72 

.476 

0 

1-377 

.41 

0 

6.40 

3.61 

2 

7 

X.790 

1.223 

total 


0 

S.07 

19.38 

I 

T.^41 

4.354 

a 

b 

3‘03 

.476 

0 

2-753 

.83 

0 

6.83 

3.61 

2 

7 

1.279 

.850 

total 


0 

6.44 

20.75 

I 

1.170 







5-299 

a 

b 

c 

1 total 

4.33 

.476 

0 

0 

4**3 

0 

1.20 

0 

7.82 

7.16 

3.61 

22.13 

2 

7 

I 

.963 

•572 

I.04t 



1 


J 

2.576 


TABLB I, SECTION 3. 

Leakage Field Distribution Curve Data. 


12 

17 

a 

b 

c 

d 

rr.15 

1X.15 

3-56 

7.92 

0 

0 

0 

0 

4.OO 

8.73 

i'-55 

16.50 

8.73 

25.86 

17.55 

22.50 

2 

4 

2 

2 

.3‘6 

1.338 

.406 

.286 



f 

total 


0 

23.60 

27.70 

I 

.157 




0 

27.70 

4 .80 

3 

.743 









4.411 



a 

b 

12.13 

12.13 

0 

0 

3.6t 

7-74 

7.74 

24.87 

2 

4 

.293 

1.3^15 


18 

d 

6.04 

0 

0 

12.40 

17.60 

18.40 

23.60 

2 

2 

.385 

.297 



1 

total 


•0 

24.40 

28.^0 

I 

■*57 

■725 



0 

0 

28.50 

45.60 

3 









4.304 



a 

13. TO 

0 

2.f8 

6.81 

2 

.288 


19 

c 

d 

13*10 

0 

0 

0 

0.81 

13-30 

23.94 

29.40 

4 

I 

1.349 

•793 



total 



29.40 

46.50 

3 

•697 









4.208 



a 

b 

14.07 

0 

r.70 

5.83 

2 

.281 


20 

c 

14-07 

0 

1 S.83 

22.96 

4 

T.417 



d 

total 

0 

0 

14. to 
30.30 

30.30 

47.40 

X 

3 

•765 

.694 









4.203 


21 

a 

b 

c 

d 

total 

20.20 

20.20 

0 

0 

0 

0 

0 

0 

0 

0 

20.60 

36.80 

4.42 

16.90 
36.8c 

53.90 

2 

4 

I 

3 

.214 

.779 

.578 

•396 









2.363 

12 

22 

a 

b ' 
c 
d 
e 

total 

26.20 

26.20 

26.20 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6.30 

28.20 

44.40 

ir.So 

6.30 

10.40 

44.40 

6r.50 

4 

4 

2 

X 

3 

.128 

•*97 

.147 

.449 

.170 
I.OQI . 
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are slots in the armature surface, it shows the flux intensities at 
the tops of the teeth, by projecting them up to the curve, in 



Fig. 14, 
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Fig. 11 shows the graphical constructions for obtaining data 
for the pole face density ordinates at points (15) and (20). As 
in the case of curve d of Fig. 4, the summation here is taken 
oyer only the pole pitch distance (30)—(31), as this summation 
gives the actual pole face density distribution curve correspond¬ 
ing to the armature surface density curve c. The data for 
points on the pole face density curve is recorded in the second 
section of Table 1, and was obtained from the drawino-s as 
follows: 

In the ease of point 15, located at the center of the pole face, 

line (15)-(34) = .476 centimetres 

“ (34H33)= 3.610 “ 

“ (15)-(S2)= 8.69 
“ (15)-(80j=. 13.00 


The results obtained by the two operations {a) and (5), are 
- each taken twice in obtaining the total summation for point (15) 
In the case of point 20, , 


line (30)-i68) 
" (68)-(36) 
“ (68H81) 
“ (17H86) 
“ (30)-(17) 
“ (38)-(38) 


4.33 centimetres 
1.30 


7.16 
= .476 

4.13 
= 3.61 
(30H17H33)= 7.83 
(20H17H30) = 33.13 
With these statements, connecting the data with the figure 
e calculations for these two points will be readilv followed! 
ihe data for the other points (16), (17), (62), (18) and (19), see 
Fig. 9, was obtained in a similar way. 

From the record of the “totals” in'the left hand column of the 

STttrr b-” plotted 

8 1 0^ the pole face and tips 

is mlrf ^“0- It will be noticed that this curve 

nearly flat topped than curve o, and that after the pole 
comers are passed the curve drops suddenly. This form of 
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(24)-(c)-(i)-(li4) was laid off equal in area to (15)-(ffl)-(J)-(i7)- 
(16)-(15), and the area {l)-{cy{d)-{^0)-(b) integrated. Finally, 
when the area (l7H62)-(18)»-(20)-(J)-(l7) was laid off equal 

in area to (5)-(c)—((^)-(20)-(5), the point (18) on curve n was 
located, beyond which no ffux enters the armature, since the 
pole face flux area (i5)-(17)-(18)-(^^)-(l6)-(15) is equal to the 
area of the armature surface flux area (a)-(5)-(c)-(24)-(lt))-(ffl). 
The point on the pole at which the lines of force cease to enter 
the armature from the pole is then the point (18) of Fig. 9. 

When the leakage field is estimated the armature should be 
removed, and it is therefore shown as a dotted line in Fig. 12, as 
from this figure is obtained the data for the proportional leakage 
field ordinates recorded in the third section of Table 1. 

The summation diagrams for two points, (17) and (22), are 
shown ; referring to the table and the figure we find that for (17), 

the line (17)-(49) = li.l5 centimetres 

“ (49H39) =4.60 

“ (49H88) = 8.73 

“ (49H87) =25.86 

“ (17H48) = 3.68 

“ {48H46) =11.66 

“ (43)-(47) =17.65 

“ (17H44) = 7.92 

“ (44H47) =16.50 

“ (44H48) =22.50 

“ (17H40) , =23.36 

“ (17H40H41) = 27.70 

“ (17H40H42) = 44.80 

The proportional flux multiplier used in connection with par¬ 
tial summations (b) and (/), point (17), and to be applied in equa¬ 
tions (4) and (3), has the form 

2 a;ni — — X 

In the case of point (22), 

line (22)-(45) = 26.2 centimetres 

“ (45)-(37) = 10.8 

(4>)-;38) =6.3 

“ (45)-(89) = 10.4 

“ (22H89) =28.2 

“ (23H39H40H41) = 44.4 
“ (22)-(39)-;40)-(42) = 61.5 
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In the case of point (22) and the snnimation (45)-(37), since 
the proportional potential between points (22) and (45) is equal to 

l ine (37)—(45) _ gg 
line (3 

and the potential between points (22) and (37) is zero, the con¬ 
stants of the correct proportional w. m. f. factor have the fol¬ 
lowing values : 

A = and B = 1.588 

Again, since the proportional difference of potential between 
point (22) and (38) is one, in the summation over the surface 
(46)-(38), 

A = 1.703 and B 2.703 

The proportional leakage field ordinates tabulated in the third 
section of Table 1, for the points (17,) (18), (19) and (20) are 



Fig. 15. 

plotted over properly spaced divisions on the base line of Fig. 
13. It is seen that the curve e determined in this way crosses 
the curve n very nearly at the point where the pole face flux 
ceases to flow into the armature. This checks the first calcula¬ 
tions, as of necessity there must be the same density on either 
side of the point on the pole tip at which the flux divides to pass 
to the armature and the adjacent pole respectively. 

To determine the leakage co-efficient of the machine, approxi¬ 
mately, we can plot the results contained in the second and third 
sections of Table 1, and by integrating the areas they enclose ob¬ 
tain the necessary data. Fig. 15 shows the result of this plot. 
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The area of (15)-(17)~(18 )-('w)~(j 5)-(15) is 6.7 units, and the area 
of (18)-(20)~(21)-(22)~(-y)-('i^)-(18) is 6.6 units, therefore the leak¬ 
age co-efficient is approximately 


Experimental Eeselts. 

We have now arrived at a point at which we can profitably 
review certain of the experimental results that have been ob¬ 



tained. The experiments were performed during the spring of 
the present year by Messrs. Nathan Kohn and L. S. Arnot,’ and the 
records made by them bear every evidence of painstaking care. 
One set of readings which they obtained shows the amount of 
flux which enters the top of a tooth when the tooth is placed in 

1. “Special Investigation of the Charaoteristios of the Monocyclic Genern- 
tor,” a Thesis presented to the Faehlt7 of Purdue University by Leroy S. Arnot 
and Nathan Kohn, for the Degree of Bachelor of Science in Electrical En¬ 
gineering, June, 1900. 
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TABLE I, SBCTIOJSr 4 . 

Slot Flux Intensity Distribution Curve Data. 


o 25 5 

r O c 3 C 

Ssi:x!*3 

fsll 


x 6 


= 2 S « 


^ CL m 

c dj 2 

CS O M 


total 


d 

total 


! total 


d 

total 


3.02 

.476 


.476 


.476 


ic.os 

14.90 


10.05 

14.90 


8.79 

2.54 


11.26 

5.00 




7.64 

11.77 

0*35 

8.27 


10.05 

14.18 

.10 


4.T2 

12.30 

19.64 

35.80 


4.12 

12.30 

22.10 

38.30 


2.25 

5.10 

11.77 

28.90 

5.10 
12.40 

29.53 


i.os 

14.18 


8.25 

29.40 

35.80 

52.90 

8.25 

29.40 
38.30 

55.40 


c 

K !=* fl.S 

3 So 


S 2 £« 

« 2 > 

■2^ o « 

HI 


.689 

r.oii 

.431 

•S17 

.820 

.405 

.500 

4-373 

.198 

•343 

.450 

I.OS7 

4.096 

.207 

.333 

.604 

.210 

1-354 

.190 

.302 

.548 

.194 

1.234 


aken over half the pollar placed with reference to pole N, the summation is only 

Contraction coefficient for poinf No. u and point No. « is loi 

S^ce Sge “ 9 ?°'®°““' 4 -'oS; 


TABLE II. 

Data foe Plotting Cdkvb M., Pig. 14, and Curve H., Pig. is. 


Position of 
Exploring 
Coil. 

Values given by 
exploring coil 
around tooth. 

’ Values given by 
exploring coil in 
slot. 

Position of 
exploring coil. 

Values given by 
exploring coil 
around tooth. 

■ Values given by 
exploring coil 
in slot. 

6 

7 

8 

9 

10 

11 

12 

*3 

H 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

245000 

102600 

17580 

73C00 

167000 

422600 

769400 

112S600 

1293600 

1307100 

14084C0 

1400800 

X392100 

1351330 

1033800 

588300 

247500 

IC9600 

5^4 

777CO 

223800 

56400 

40690 

21500 

9700 

6300 

37 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

534900 

969800 

1322200 

1416400 

14O0840 

1372700 

1403600 

1403600 

1217300 

835800 

441275 

176200 

6S000 

11800 

113100 

269800 

622200 

1007670 

1322200 

28600 

163=: 00 
215880 
232988 
242660 
255560 
265000 
276670 
299933 
' 238800 

127000 

80000 

62000 

409C0 

26230 

4460 

58000 
193650 
209500 
224050 
2th8nn I 
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various positions relatively to the pole. The data for this set 
is tabulated in the center column of Table 2, and is plotted in 
Fig 14, being shown as the curve m. In this figure we have then 
a comparison between carefully calculated and carefully explored 
armature surface flux distribution curves. The curves follow 
one anotlier with remarkable accuracy, the variations between 
them at the positive and negative crests where they depart most 
from one another, being but between two and three per cent, 
even in the case of the points at plotting position 30, Fig. 14. 

Eegarding curve m the experimenters say: “The readings 
obtained are very symmetrical relatively to the poles. There is 



a sliglit tendency to draw toward the pole in the direction in 
wliicli the armature is moved. The indentation at the apex of 
the second curve could be due to a sudden variation in the length 
of the air-gaps, or a point of low permeance in the iron of the 
pole face.” 

In Fig. 18 is shown the plot of the data in the left hand column 
of Table Its ordinates are proportional to the flux entering 
a slot as the armature is moved under the poles. The curve 
has a very good symmetry. The zero points of the curve are, 
however, very much drawn in the direction of motion of the 
armature. This is due to the residual magnetism which the iron 
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retains while leaving the fringing field, and it is necessary to move 
the slots some distance into the opposite fringing field before the 
residual magnetism is counteracted and the polarity of the iron in 
the slot reversed.” 

Curves m, Fig. 14, and k. Fig. 18, were obtained by winding ex¬ 
ploring coils around* a tooth and in a slot as indicated, and using 
a ballistic galvanometer method. The current in the field circuit 
was reversed by a quick-acting switch several times in making 
the record for each reading, and the average results taken. The 
ordinates of the curve m represent accurately the amount of fiux 
entering the top of a tooth, but the ordinates of the curve n are 
thought to be a few per cent, smaller than the actual values as 
some difficulty was experienced in getting the slot coil to hug 



Fio. 18 . 

^ the sides of the teeth closely. As the density on the side faces 
of the teeth diminish very rapidly from the corner of the tooth 
downward, a very slight opening between the sides of the coil 
and the edges of the teeth would reduce the deflection given by 
the coil considerably below the normal. 

However this may be, the results show that in the maximum 
positions a slot takes actually 21 per cent, as much flux as the 
face of a tooth, or proportionally 46 per cent, of the flux^ as a 
tooth is 2.2 times as wide as a slot. 

The experimenters also record the data for curves o and p 
plotted in Figs. 19 and 20 respectively. Curve o of Fig. 19 is 
plotted from the data tabulated in the center column of Table 3. 
The data was obtained by using a complete phase winding as an 
exploring coil. Curve p of Fig. 20, was plotted from data re- 
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TABLE III. 


Data for Plotting Corves in 0 and R, Fig. 19. 


Position of 
exploring 
coil. 

Values given by 
armature 
-winding. 

Values integra¬ 
ted from data 
in table 2 . 

Position of ex¬ 
ploring coil. 

Values given by 
armature 
winding. 

Values integra¬ 
ted from data 
in table a. 

i6 

i8 

3744000 

3672000 

3524000 

3645000 

3466000 

3322000 

28 

29 

30 

2680000 

3257000 

3572000 

2692000 

3048000 

3571000 

*9 

20 

3 X 

3120000 

2740000 

21x8000 

3111000 
2773000 
22x4000 

31 

32 

33 

370x000 

378 ICOO 
3624000 

3692000 

3731000 

3755000 

22 

23 

*4 

1506000 
776000 
7000 , 

1629000 

X0X5000 

74000 

34 

36 

3440000 

3022000 

2606000 

3592000 

3x99000 

2695000 

20 

27 

918000 

1655000 

2228000 

764000 

1567000 

2x17000 
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corded in the center column of Table 4. This data was obtained 
y placing an exploring coil on the armature as indicated ; the 
coil covers an area equal to the polar pitch multiplied by the 
length of the armature. 

To check the results of the experim^ters I have derived 
from their single tooth and slot data tabulated in Table 2, 
the data necessary for plotting integrated flux curves. Sum- 
ming up the tooth and slot values corresponding to the 
successive positions occupied by the teeth and slots which 
are enclosed in an armature coil, the data in the left hand 
column of Table 3 is obtained. This data, plotted in Fig. 19, 
shows that the integrated curve n checks the complete phase 
winding curve o very nicely. 

Similarly summing up the tooth and slot values corresponding 
to the successive positions occupied by the teeth and slots which 
are embraced by the pole pitch exploring coil, shown in Fig. 20 
the data in the left-hand column of Table 4 is obtained. This 
data plotted in Fig. 20 gives the curve s, which checks the curve 
p almost as accurately as the curve e checks the curve o. 

In their thesis Messrs. Kohn and Arnot say, in referring to the 
placing of the exploring coils used by them, that “ coil No. 18 
IS wound around a pole above a field coil,” and that “coil No. 19 
is wound around the same pole that No. 18 is wound on, but 
^ located below the field coil.” As the field coil on pole x of 
Fig. 10, occupies the space between the lines (22)-(25) and 
(20)-(24) the exploring coils were placed respectively just above 
and below the lines mentioned. They further say that “ coil 
No. 4 is wound around four teeth and four slots.” This is the 
exploring coil shown in Fig. 20, the data obtained with which is 
tabulated in Table 4. The experimenters record the following 
maximum readings: - 

Maximum for coil No. 4, 4,074.000 Maxwells. 

“ “ “ 18, 7,677,000 

“ “ “ 19, 5,765,000 

From this data it appears that between the line (22)-(25) of 
Fig. 10 and the armature surface 3,603,000 maxwells leak away 

^ ^^°tor or co-efiicient of 

7,677,000 -f- 4,074,000 = 1.88. 

This agrees reasonably well with the calculated value of 1.98 
but It should not be compared with it without modification. 

In obtaining the integrated curve value of 3,918,000 max¬ 
wells, recorded in Table 4, opposite position (31), the calcula- 
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Fig. 20. 


TABLE IV. 

Data for Plotting Curves P and S, Pig. 20, 


Position of 
Exploring 
Coil. 

Values given by 
exploring 
coil. 

Values inte¬ 
grated from data 
in table 2. 

Position ot 
exploring 
coil. 

Values given by 
exploring 
coil. 

Values inte¬ 
grated from data 
in table 2. 

i6 

3523000 

3595000 

28 

2967000 

3641000 

17 

3349000 

3605000 

29 

3596000 

3774000 

i8 

3479000 

3403000 

30 

3998000 

3878000 

19 

3305000 

2927000 

31 

4074000 

3918000 

20 

3131000 

2309000 

32 

4074000 

3855000 

21 

2635000 

1502000 

33 

3998000 

3751000 

22 

2042000 

586000 

34 

4023000 

3600000 

23 

1175000 

208000 

35 

3923000 

3068000 

24 

313000 

852000 




25 

279000 

1768000 




26 

935000 

2745000 




27 

1962000 

3432000 
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tions show that 3,220,000 maxwells of this flux enter through 
the tops of the teeth and 699,000 maxwells, through the slots. 
Therefore, 82.3 per cent, of the flux that enters the armature,, 
enters by the tops of the teeth. Further, since the width of a 
tooth is 4.1 cm. and the width of a slot 1.9 cm., the faces of the 
teeth occupy only 68.3 per cent, of the armature surface. There¬ 
fore, we are approximately correct in assuming that if the ma¬ 
chine had a smooth surfaced armature with the same air-gap 
clearance, coil hfo. 6 would give an indication, other things beino- 
the same, of ^ 

4,074,000 X 82.2 , 

-gg-g- = 4,903,000 maxwells 

and the leakage factor would hare had a value of 

3,918,000 -f 4,903, 000 
4,903,000 

This IS a value that can more properly he compared with the cal¬ 
culated valued (1.98). 

We will now pass to the consideration of calculations to deter¬ 
mine the intensity of the flux entering the side and bottom sur¬ 
faces of slots. 

As an example, the flux distribution in a slot placed under the 
center of a pole, as shown in Fig. 16, has been calculated and the 
results are given in the fourth section of Table 1. The graphical 
construction used in obtaining the data is exhibited in Fig 16 
for the points (11) and (13). ’ 

In the case of point (11). 


= 1.80 


line (11H54) 

= 3.02 centimetres 

“ (54)-(56) 

= 2.25 

“ (68H54) 

= .476 “ 

“ (11HS3) 

= 2.54 

" (54H17) 

=-■ 5.10 

“ (11H53)-(17) 

-= 7.64 

'■ (ll)-(58)-(17H30) 

«= 11.77 

“ (11H53)-(17H33) 

= 28.90 

“ (85H67) 

= .476 “ 

“ (11H55) 

= 3.17 

“ (57)-(5e) 

— .35 


have been obtained Thfswas not d^/ i /^Penmental values would 
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lioe (57)-(23) ' = 5.10 centimetres 

“ (11H55H23; -= 8.27 

“ (11H55H28H24) = 12.40 
“ (nH55H23H25)==29.53 

In the case of point (13), 

line (58)“(59) = 10.05 centimetres 


“ (60H58H13) 

= 8.79 

i < 

“ (59H17) 

4.12 

( i 

“ (59)-(20) 

^ 8.25 

t i 

“ (60)-(61) 

= 14.90 

i c 

“ (13)-(60) 

== 2.54 


“ (61)-(30) 

= 12.30 

a 

“ (61H32) 

= 29.40 

i t 

“ (13)-(60H17) 

19.64 

i c 

“ (13)-(60)-(33)-(24) 

= 35.80 

C i 

“ (13H60)-(23H35) 

= 52.90 

i i 


Since both points are at the same distance from the top of the 
slots, the contraction co-efficient for each is the same, and has the 
value 


1 9 

contraction coefficient = -—= .192 

TT X 2.54 + 1.9 

Since the slot is 1.9 crn. wide and the point is 2.54 cm. from the 
top edge of the slot. 

It must not be forgotten that before the ^^totals’’ tabulated in 
Table 1, section 4, can be used in plotting the flux distribution 
in a tooth, the value obtained for point (13) must be subtracted 
from the value obtained for point (11), and that the value for 
point (14) must be subtracted from point (12). This is necessary 
as the values for points (11) and (12) correspond to curve a” 
ordinates of the slot under the irpole of Fig. 16, while the values 
for points (13) and (14) correspond to similarly situated ordinates 
of the curve b” of the same slot under the same pole. And, as 
in the case of the armature surface flux distribution curves 
already discussed, the ordinates of the slot “ a” and “ b” curves 
must be subtracted to get the values of the ordinates of the actual 
slot flux distribution. These ordinates combined with the arma- 
ture^’^surface density curve ordinates corresponding to the edges 
(<?) and id) of the teeth bounding the slot, give, when plotted, 
the distribution curves shown in Fig. 1Y. It will be noticed that 
the surface density at the sides of the slots diminishes very rapidly 
until a point about half way down the tooth is reached, after 
which it falls off more slowly. When the bottom of the slot 
is reached, the flux density has diminished until it is only 4.2 per 
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cent, as great as the density at the top of the tooth. Half way 
down the side of the tooth the density is 7.9 per cent, as great as 
it is at the top. 


The area [c-h-j-d-e) is proportional to the calculated flux 
entering the top of a tooth, and the area plus 

(f-e-d-i-h-g-f) is proportional to the calculated flux entering 
the armature core through a slot. Taking the ratio of the latter 
to the former we find that the calculated results indicate that 
ST per cent, as much flux enters the armature core through 
the slots as through the teeth, or that 27 per cent, of the total 
flux enters the armature by the slots. 

It^ nas already been pointed out that if we compare the actual 
maximum tooth and slot values, tabulated opposite positions 
(33) and (35) of Table 2, the comparison shows that 21 per cent, 
as much flux enters by the slots as by the teeth. If we compare 
the tooth and slot flux values that are tabulated opposite position 
(35) in Table 2, i. e., if we compare the value of the flux that 
enters the tooth when the tooth is in the position which the slot 
occupies when maximum flux enters the slot, with this maximum 
slot flu.x, the comparison shows that 25 per cent, as much flux 
enters the armature core by the slots as by the teeth. 

These ratios of experimental flux values are from a half to one- 
third less than the ratio of the calculated values. But this does 
not conclusively prove that the calculated percentage is too‘ 


WavrFormnf AU , Archibald in a paper on “ Conditions Affecting the 

8^190? s^olT "'’ r Associalon. 

f ^ assemblage of parts of a “ revolving field distributed 
winding alternator” reproduced in Fig. B, and say in referring to the mlcMne; 





immediately opposite the pole’ passes inti 
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high. The experimental results show [see Table 2, position (35)] 
that when a maximum of 300,000 maxwells were flowing into the 
slot, 1,217,000 maxwells were flowing into the tooth, and to obtain 
a ratio of .37 instead of .25 (the ratio these numbers give), would 
only require the loss of 50,000 maxwells on each side of the tooth, 
and a gain of a corresponding number by the coil. As it was 
necessary in the experiments, in order to hold the exploring coils 
in place, to cut the wooden slot caps as indicated at a. Fig. 17, 
points {e) and {d)^ it is quite likely that there was at least 
this great error in the results. The flux density changes in 
intensity so rapidly about the corners of the teeth that an aggre¬ 
gate variation of one-sixteenth of an inch in the position of the 
exploring coils would account for the discrepancy between the 
•calculated and experimental results. 

Conclusion. 

This paper has been prepared for the Institute with a view 
to placing on record a crucial test of a method for calculating 
flux distribution. The general applications previously cited 
pointed to the probability of its giving indications quite com¬ 
parable to actual conditions, and these latest results tend to sub¬ 
stantiate such surmises. The method lends itself with almost 
equal readiness to the calculation of stray fields about armature 
ends, that it does to the calculation of inter-polar reactions, and 
by suitable modifications in the formulas, can be used for gen¬ 
eral electromagnetic calculations in which the law of inverse 
squares” is even more nearly approximated than in the case 
cited. 

Electrical Laboratory, 

Purdue Ilniversity, 

December, 1900. 
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Appendix. 

For the benefit of those interested in the detail n-f 4 .x. 

calculations, the full set of substitutions made in determining the 
complete summation of the reciprocals at the point (10) and from 
pole N, are here stated. For the P-ranhiVMl 

Ks. 10, ..d for .ho e.pta.,i„„ 

Data foe Paetial Summations. 


y. 


—U/ C/ 

9.8 7.4 

15.5 0 

0 0 

0 0 

4.06 

12.95 

18.00 

84.13 

8.20 

80.08 

34.13 

51.26 

rormula 

(5) 

(4) 

(1) 

(3) 

8.2 + A/^%8‘:2' 




4.06 + 





14.8 


f taa-> g-2 + V 9.8^ + 8.2% r.4 


4.06 -j- 7.4 N 

a/ Ta ) 

= 2.304 logio 1.43 - 2.31 (tan-^ 4.42 — tan-> 3.45) 

= 2.304 X 0.155 - 2.31 x (77.25° _ 73.83°) 
= .357 — .137 = .22 
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72a 


-2 -2 

.5 + 30 


IT.I 


12.95 +^15.5 + 12.95 


\/15. 


2 - 2 

5 + 30 - 


\/ 15. 


■2-2 

5 + 12.95 


17.1 


= 2.804 X 1.75 logio 1-92 — .795 = .35 
Vc = loge ^ = 2.304 logic 1-89 = -636 

= SiS IS ~ ^ ^ - 1 = .21 

and therefore 


= .22 + .35 + -636 + -^1 = which is the value of 

the projportional flux density ordinate at point (10). 
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Discussion. 

Me. Edwaed P. Thompson This paper brings up certain 
points m reference to magnetic flux and touches upon eases 
^•1 the armature is smooth, and where the armature is pro- 

serve to explain some experiments 
winch 1 happen to be acquainted with that were carried on for 
the purpose of improving dynamos used in telephony to prevent 
the whistling or the buzzing sound so often heard when dyna¬ 
mos are so employed, and different experimenters have worked 
toward getting a dynamo that would give practically as steady a 
current as a battery. 

^ to illustrate this. 

iS possess interest because the combination by 

^hich the desired land of current is obtained is novel. It has 
been through the mill of the Patent Office, and attempts have 
been made to try to prove that is old. 



Fig. 21. 

iota are ?d„L 1*“,!*”,■l»t4ltl.o„Kh the 

era- prodnc’ed .s proved flux wlmt. 

IS equivalent to^a battery current ’ ^®noi'ated 

phone came into use curSs L.. ^o^^rse before the tele- 

Sit orTtfaid bv ^elSeS"!! 

caMot be distinguished frol'the'baSy^cur^^^^^ 

Arthur R Jemey™ pftem 'Sted invented by 

have alluded to ft beeansp ®'PPeal January 29. I 

couple up a iefffi apXatL^S * ^ 

tions. ^ application with mathematical demonstra- 

ITe. E. M. Aeohibald :—I observe fhat 
paper Prof. Ooldsborongh has referred J"" P^^® ^^0 of the 
earned on by Mr Rerdf reterred to some experiments 

t«e„ a, Hhtd SlL't Iff »■ f' «■»“- 

b, bu. „„ 37 par „a.t„ 
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experiment was only 25. In our experiments we found, using 
practically the same method, that fora revol ring field distributed 
winding machine, that this ratio was very nearly what his calcu¬ 
lated result was, the value being 34.6 per cent. The result that 
we obtained was when the field was stationary, and when it is 
revolving the distribution is distorted slightly in the direction of 
rotation ; but the value we were not able to exactly determine 
when it was revolving, because some of our apparatus broke 
down. But from other curves that we obtained in checking up 
the above, we found that the value when stationary can be 
taken as very nearly the same, as when the machine is running. 

CoMMir]sricATED BY TIaeris J. Ryatst, Aug-ust 18,1899, After the 
Adjourment of the Boston Meeting-. 

[This is in discussion of Prof. Groldsborongh's paper, vol. xvi., p. 461, and was 
omitted through oversight from its proper location.] 

At the World’s Fair a committee of the Board of Awards in 
the Department of Flectricity made a series of efficiency tests 
of the large engine dynamos there exhibited. The efficiency 
load curves of the generators as determined by the indicator 
cards and those calculated from no-load core losses, electrical 
data, and output observations did not agree at the higher load 
values. They differed in all cases from three to five per cent. 
A satisfactory check on the efficiency measurements at the time 
could not be made because of these discrepancies, which were 
finally traced to the variation of the core losses with the gener¬ 
ator loads. At the time and under the circumstances no satis¬ 
factory method could be found to determine independently the 
core loss variations with the generator loads. The results of 
these tests were not published for another reason—the consent 
to publication could not be obtained from all the makers con¬ 
cerned. I have recalled this experience for the purpose of em* 
phasizing the importance of Prof. Groldsborongh’s paper. 
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Joseph Clement, who was elected an associate member of the 
Institttte April 26th, 1899,was killed in the battle of Zand River, 
a few miles north of Bloemfontein, in June, 1900. Mr. Clement 
was born in Oakland, California, and was 28 years of age at the 
time of his death. He was edu(‘ated in California, and went from 
there in 1894 to South Africa, where he joined the electrical staff 
of the De Beer’s Consolidated Mines, Ltd., in Kimberley. Leaving 
there shortly afterward he became connected with Messrs. Renneit 
& Lenz, Electrical Engineers in Johannesburg, and shortly after¬ 
ward was appointed Electrician to the Rand Mines, Ltd., and the 
Crown Reef Gold Mining Co., Ltd., both of Johannesburg. In 
the latter capacity he had much important work under his imme¬ 
diate control, and carried out electrical undertakings of consider¬ 
able magnitude for the two companies mentioned. Upon the 
outbreak of war between England and the South Afi-ican Rei)ub- 
lic Mil Clement volunteered, and was appointed Lieutenant in 
the Railway Pioneer Regiment, a volunteer corps organized by 
the late L. I. Seymour, an American of great prominence and 
distinction in Johannesburg. Mr. Clement and his commanding 
officer. Major Seymour, both met their death at one of the 
engagements wffiich occurred along the line of communications 
after Lord Roberts’ march to Pretoria. Both fell fighting in the 
front rank of their command. Mr. Clement had been married 
only a short time before to Miss Josephine Webber, daughter of 
Mr. George E. Webber, General Manager of the Rand Mines, 
Ltd., who, with his infant daughter, survives him. 
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Associate Members elected at a meeting of the Executive 
Committee, held Thursday, July 12th, 1900. 


Adler, Alphonse A. 


Electrician, New York 
G-raduate Hospital, 
Street and 2d ave., 
dence, 237 Eldridge 
N. Y. ^ 


Post E. E. Kinsman. 
20th W. A. Anthony, 
resi- Halph W. Pope. 


Ambler, William. 
Barton, Philip Price. 
Bliss, Louis Denton. 
Fleming, John P. 
Hartley, Alonzo. 
Tingley, E. M 


Student at Cornell University, Harris J. Eyan 
residence, 76 Lincoln Ave., Fred’k. Bedell ’ 
Cleveland, Ohio. Edw. L. Nichols. 

Assistant Superintendent, The L. B. Stillwell. 
Niagara Falls Power Co., Chas. P. Scott 
Niagara Palls, N. Y. A.'J. Wurts 


Principal Bliss Electrical 
School, 614 12th Street, 
Washington, D. C. 


G. K Woodworth. 
0. W.ISwoope. 

H. P. Hill. 


Electrical Contractor, Brook- Chas. E. Cross 

line, Mass. Chas. H Herrick. 

Chas. B. Burleigh. 

General Manager, Hawaiian C. L. Cory 
Electric Co., Honolulu, H. I. A. M. Hunt. 

W. F. C. Hasson. 

Westinghouse Elec. & Mfg. Chas. P. Scott 
Co., residence. Amber Club, A. J. Wurts 

Pittsburg, Pa. L. B, Stillwell. 


Weston, Sydney P. Assistant Engineer, Waldorf- 

Astoria Hotel, residence, ■ 22 
Gramercy Park, N. Y. City. 

WOODSWORTH, Philip Bell. Professor in charge of Elec¬ 
trical Engineering, Lewis 
Institute, Chicago, resi¬ 
dence, 123 South Park Ave., 
Austin, Ill. 


H. A. Storrs. 
Geo. P. Stever. 
Tom H. Gregg. 

Albert Scheible. 
Geo. P. Nichols. 
E. A. Schweitzer. 


Zani, Arnaldo P. Electrical Engineer, Thomson- C. P. Steinraetz 

Houston Co., Piazza Cartello J. W. Lieb Jr 
5 Milano, Italy. Philip Torchio. 

Total 10. 


Associate Members elected at a meeting of the Executive 
Committee, New Torkj Thursday, July 26th, 1900. 


Ackland, E. W. 


Allen, Albert P. 


Auel, Carl B. 


Electrical Engineer, Perth 
Electric Tramways, Perth, 
Western Australia. 

General Inspector, American 
Tel. & Tel. Co., 15 Dey St., 
residence. 44 Irving Place, 
New York City. 

Engineer, British Westing- 
house Elec. & M’Pg. Co., 
Amber Club,East End,Pitts¬ 
burgh, Pa. 


S. W. Childs. 

J. S. Pitzmaurice. 
W.G.T. Goodman 

John J. Carty. 

P. A. Pickernell. 
A. N. Mansfield. 

Chas. P. Scott. 

P. A. Lange. 

C. E. Skinner. 
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Baker, Arthur 0 . 

Berg, Geo. H. 

Carkaghan, B. D. 
Bysterud, Emil 

Elgin, James Meikle 

Earrand, Dudley 

Harter, Bret 
Hitzeroth, L. D. 

Howland, Lewis A, 
Imlay, L. E. 

Kekt, James Martin 
Kennedy, Jeremiah J. 
McLimont, a. W. 
Hicholson, Samuel L. 

Parke, Roderick J. 


Superintendent, Wichita Gas, F. E. Kinsman. 
Electric Light and Power Ralph W. Pope. 
Co.,Box 574 Wichita,Kansas. H. D. MeVay. 

New England Sales Agent, Robert T, Lozier. 
Bullock Electric Mfg. Co., John L. Hall. 

70 Kilby St., Boston, Mass,, C. V. Edwards, 
residence, Medford, Mass. 

In charge of machinery with C. P. Beames. 
Cipriano Guerrero, Durango, R. H. Evans. 

Do. Mexico. M. T. Thompson. 

Superintendent and General P. H. Evans. 
Manager, Electric Light & C. P. Beames. 
Power Co., Monterey, Nuevo S. A. Dyer. 

Leon, Mexico. 


Chief of Electric Dept. Edison 
Electric Light Co., of Phila¬ 
delphia, lOth and Sansom 
Sts., residence, 4230 Chester 
Ave., Philadelphia, Pa. 

General Manager,United Elec¬ 
tric Company of New Jersey, 
207 Market St., residence, 141 
Clinton Ave., Newark, N. J. 

Superintendent D. R. R. & L. 
0. Railway, Rochester,Mich. 

Superintendent, Electrical De¬ 
partment General Electric 
Co., 229 Stevenson St., resi¬ 
dence, 452 Bryant St., San 
Francisco, Gala. 


C. Toerring. 
Minford Levis. 
Wm. C. L. Bglin. 


Wm. Stanley. 
John P. Kelly. 
C. C. Chesney. 


C. G. Young. 

W. 0. Burton. 
Harvey E. Mole. 

P. Y. T. Lee. 

C. 0. Poole. 

P. P. Barbour. 


Electrical Engineer Royal 
Electric Co., Montreal, Que. 


Construction Engineer, West- 
inghouse Elec. & Mfg. Co., 
Niagara Palls, N. Y. 

Instructor in Steam and Elec¬ 
tricity, Manual Training High 
School, Kansas City, Mo. 

Mechanical Engineer with J. 
G. White & Co., 29 Broad¬ 
way, New York. 

With State Electrical Engi¬ 
neer,Gobirino de Guanajuato. 
Box 25, Guanajuato, Mexico. 

With Westinghouse Elec. & 
Mfg.Co ,120 Broadway, New 
York residence.820 President 
St, Brooklyn, N. Y. 

Consulting Electrical Engi¬ 
neer, 409 Temple Building, 
loronto, Canada. 


P. G. Gossler. 
Robert A. Ross. 
R. B. Owens. 

P. i'll. Lincoln. 
Chas P. Scott. 
W. K. Dunlap 

Jas. Lyman, 

L. Stieringer. 

E. R. Weeks. 

H. A. Lardner. 
Wm.^C. Burton. 
Geo. W. Prank, Jr. 

C. P. Beames. 

P. H. Evans. 

S. A. Dyer. 

R. D. Mershon. 
Wm.K. Archbold. 
C. 0. Mailloiix. 


S, S, Wheeler. 
Chas. P. Scott. 
Norman Ross. 
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Smith, Wm. Stuart Consulting Engineer, Electri- E. A. 0. Perrine. 

cal and Mechanical. 2538 J. A. Lighthipe. 
Dwight Way, Berkeley,Gala. W. D. Weaver. 

Smith, Walter P. General Manager, United Gas Herbert Lloyd. 

Improvement Co., Philadel- Chas. Blizard. 
phia. Pa., residence, 2010 R. H. Klauder. 
Ontario St.,Philadelphia,Pa. 

With Smith & Crockett Elec* F.Wm. Erickson, 
trical Specialties, 70 Sum— Chas. H. Herrick, 
mer St., Boston, Mass. R. W. Pope. 

Secretary,Treasurer and Mana- W. S. Andrews, 
ger the Edison Electric lliii- 0. L. Edgar, 
minating Co., Tamaqua, W. S. Howell. 

Penn. 

Tidd, Geo. N. Electrical Engineer and Man- Herbert Lloyd. 

ager. Beacon Light Co., Chas. Blizard. 

Chester, Pa. R. H. Klauder. 

Varney, Frank H. Station Foreman San Fran- F. F. Barbour. 

cisco Gas and Electric Co., J. A. Lighthipe. 
2912 Mission Street, ’ San F. E. Smith. 
Francisco, Gala. 

Wall, Louis James Benaru Full Partner, Splatt, Wall & W. D. Weaver. 

Co.. Perth, Western Aus- J. E. Woodbridgo 
tralia. Cecil P. Poole. 

Total 25. 


Associate Members Transferred to Full Membership. 

Approved by Board of Examiners, June 8th, 1900. 

E. J. Bechtel, Superintendent Construction, Toledo Traction 

Company, Toledo, Ohio. 


Smith, Frederick B. 
Spiese, F. P, 
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Rittenhouse: —At Denver, Colo., February S6tli, 1900, Charles T, liittenhouse. 
eldest son of M. and B. L. Bittenhouse of New York City. Mr. 
Bittenhouse was a graduate of Columbia, and formerly on the editorial 
staff of the Electrical World. He was elected an Associate Member of 
the Institute, February 21st, 1894. 


Weise.— At Princeton, Ill., May 19th, 1900, of heart failure, Will Morrison 
Templeton Weise, Manager of the firm of Weise Brothers, electrical con¬ 
tractors, Davenport, la. Mr. Weise was born in Princeton, January 
18th, 1865,where he was educated in the public schools, and subsequently 
engaged in electrical work in Seattle and Chicago. In 1897 he entered 
into partnership with his brother at Davenport. He was elected an Asso 
eiate Member of the Institute August 13th, 1897. 
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HONORARY MEMBERS. 


Name. 

Kelvin, Lord, D.C.L,, LL.D., 


Address. 


Date of Membership. 


F,R.S. 15 Eaton Place, 
London, S. W., England, 


I H.M. May 17, 1892 


Preece, Sir. William. H., 


Honorary Members, 2. 


F.K.S. Consulting f 
Electrical Engineer, 13 Queen 
Anne’s Gate, London, S. W.,- 
Eng.; residence, Gothic 
Lodge, Wimbledon. 


H.M. 


Oct. 21, 1884 


MEMBERS. 

Abbott, Arthur V. {Vice-President) Chief Engineer, 
Chicago Telephone Co., 203 
Washington St., Chicago, Ill. 

Acheson, Edw. G. President, The Carborundum Co., 

Niagara Falls, N. Y. 


Adams, Alton D. 
Ahearn, Thomas 
Albanese, G. Sacco 


Consulting Engineer, Box 1377, 
Boston, Mass. 

Ahearn & Soper, Electrical Supplies, 
Ottawa, Ont. 

Electrical Engineer, Tramways Elec- 
triques de Nice, Nice, France. 


Albright, H. Pleetwood Electrical Engineer, Western Elec¬ 
tric Co., New York; residence, 
60 Sayre St., Elizabeth, N. J. 

Aldrich, William S. Professor of Electrical Engineer¬ 
ing, University of Illinois, Cham¬ 
paign, Ill. 

Andrews, Wm. S Manager Central Station Sales, Gen¬ 

eral Electric Co., residence, 242 
Union St, Schenectady, N. Y. 

Anson, Franklin Robert President, .Salem Light, Heat 
and Power Co., Salem, Ore. 


^91 


JA Oct. 21, 1890 
1 M Jan. 16, 1895 

(A Jan. 3, 188S 
i M May i, 188S 

(A April 18, 1893 
(MJan. 17,1894 

(A July 12, 1887 
( M Sept. 6, 1887 

j A Sept. 20, 1893 
( M Sept. 27, 1899 

j A Sept. 27, 1892 
1 M June 20, 1894 


JAMar. 15 1892 
1 M April 25, 1900 

JA Mar. 5, 1889 
1 M April 22, 1896 

j A Feb. 27, 1895 
I M Nov. 23, 1898 
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MBMBEH8 


Name. 

Anthony, Prof. W. A. 

Armstrong, Chas. G. • 
Arnold, Bion J. 

Aykr, James I. 


Address 


Date of Membership. 


A Dec. 
M Jan. 


1884 

xdS| 


A Sept. 27, 1892 
M Aug. 31, 1898 


Ayres, Brown 
Badt, Lieut. Francis B. 

Baillard, E. V. 
Baldwin, Bert L. 
Barbour, Fred Fiske 


{Fast President.) Consulting Elec¬ 
trician,, Cooper Union; residence, 

313 W. 33d St. New York, N. Y. 

Consulting Electrical Engineer, j 
Fisher Building, Chicago, Ill. ( 

Consulting Electrical Engineer, ( ^ ^ 

1541 Marquette Bldg, and 4128*1^ 

Prairie Ave., Chicago, Ill. ( ^ ^oy. 15, 1893 

General Manager American Electric ( ^ 

Heating Corporation, Franklin-^ ¥^ 5 ^ IQ. 1891 
and Sidney Sts., Cambridge,Mass. ( ^ -^pnl 19, 1892 

Professor of Physics and Electrical ( * 

Engineering, Tulane University J 

New Orleans, La. ^ ^ M Mar. 15, 189a 

President, Badt-Gcltz Engineering f 
Co. 1504 Monadnock Block and J A April 19, 1893 
6506 Lafayette Ave., Chicago, | M Mar. 25, 1896 

Manufacturer of Electrical Instru- ( 
ments and Pine Machinery, Fox -I Dec. 3, 1889 
Buildine^. New Vr»rU r'itrr 1 M Jan. 16, 1895 


Barstow, William S. 


Batchelor, Chas. 

Bates. James H. M . E , 

Baylis, Robert Nelson 
Beames, Clare F. 


Building, New York City. 

Mechankal Engineer. The Cincin- 

“nfi Co., 73 Perin 

-Blag., Cincinnati, 0 . 

Meager,Sales Department, Pacific f 
District, General Electric Co 
Claus Spreckels Bldg.,San Fran-J ^ 
cisco,Cal., and 1383 Franklin St. | 
Oakland, Cal. | 

(Manager.) General Manager Edi¬ 
son Electric Illuminating Co’., 360 
Pearl St., Brooklyn, N. Yr 


A April 22, 1896 
M jNov. 18, 1896 


16, 1893 
26, 1900 


A Feb. 21, 1894 
M April 26, 1899 


Bechtel, Ernest J. 

Bedell, Dr. Frederick, 
Bell, Prof. A. Graham 

BitLL. Dr. Louis 

(18) 


Exchange Court ( , ^ 

Bldg . 52 Broadway; residence, 35 ) ^ 8, 1887 

25th St. July 12, 1887 

Engineering Department Edison ( . 

Illummating Co., 57 Duane St M Sept. 6, 1887 
N.Y. City, BoxiiSHoboken.N.J. /Oct. I, 1889 

^YofkCiV f *889 

I M May 17, 1892 

Chief Engineer, Compania Mexicana ( , ,, 
ae Gaz y 1^2 Electrica, 7 lA San -) ^ 1895 

Francisco, City of Mexico. ( M Feb. 28, 1901 

Superintendent Lighting and Con- ( 

To 7 er 6 .''°'^''° ]m fu!^- IS 

Assistant, Professor in Phvsir*; C A a -i 
Cornell University, Ithaca, I Y.’ {m M^ay ig’, i 8 g 6 
(PastPresident) 1331 Conn. Ave., ( 

A April 15, 1884 
M Oct. 21, 1884 


Washington, l^.C.%ndTaS; 

Electrical Engineer, Boston. Mass. jA May 20. 1890 

{ M June 18, 1890 
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Bernard, Edgar G. 
Betts, Philander 3d 

Bills ERG, C. O. C. 
Birdsall, E. T. M. E. 

Blades, Harry H. 
Blake, Francis 
Blodgett, Geo. W. 

Blood, John Balch 

Boggs, Lemuel Stearns 
Boileau, Willard E. 

Bosch, Adam 
Bottomley, Harry 
Bourne, Frank 
Boyer, Elmer E. 

■Boynton, Edward C. 
Bradley, Chas. S. 

Brady, Frank W., Af. E, 

Brenner, William H. » 

(I-8) 


Address. Date of Membership. 

Manufacturer, 450 Fulton St.,Troy, J A. Jan. 5, 1886 
N. Y. (MJuly 12, 1887 

Mech. & Electrical Engineer, Bureau ( 
of Yards and Docks, Navy Dept., J A Mar. 25, 1896 
residence, 653 I St., S. E., Wash -1 M Jan. 25, 1899 
ington, D. C. 


Electrical Engineer, 17 Hill Street, J A Mar. 21, 1894 
Newark, N. J. \ M Feb. 27, 1895 


Consulting Electrical Engineer, 26 
Cortlandt St., residence, 56 
West 38th St., New York City. 


A June 8, 18S7 
M Nov. I, 1887 


Electrical Engineer, 419 Cass Ave., j A April 19, 1892 
Detroit, Mich. | M May 21, 1895 

Auburndale, Mass. ' ( A Sept. 3, 1889 

I M Oct. I, 1889 


Electrical Engineer, B. & A. R. R. f 
and Consulting Electrician, Bos--| 
ton. residence, Auburndale, Mass. ( 


A July 12, 1887 
M Sept. 6, 1887 


Blood and Hale, Consulting Engin¬ 
eers, Room 22-A, Equitable 
Building, Boston, Mass. 

With Sargent & Lundy, 1000 Isa¬ 
bella Bldg., Chicago, Ill. 


A June 20, 1894 
M Dec. 18, 1895 


A Sept. 20, 1893 
M May 17, 1898 


General Superintendent Lighting J 

and Power Dept, and Electrical [ A Sept. 19, 1894 
Engineer, Columbus R. R. Co., jM Mar. 25, 1896 
Columbus, Ga. J 


Sup’t Fire Alarm Telegraph, New-j A April 15, 1884 
ark, N. J. ( M Jan. 6, 1885 


Bellows Falls Electric Idght Co., j A April 2, 1889 
Bellows Falls, Vt. ( M Jan. 22, 1896 


Electrical Engineer, 26 Cortlandt j A April 21, 1891 
St., New York City. / M Nov. 15, 1892 


Foreman, Testing Department, 
Lynn Works, General Electric 
Co., Lynn, Mass, 


A Sept. 25, 1895 
M Mar. 25, 1896 


Electrical Dep't, N. Y., N. H.&H. ( A Aug. 6, 1889 
R. R., New Haven. Ct. ( M Nov. 24, 1891 

(Manager.) President, Ampere f 
Electro Chemica? Co , 44 Broad J A May 24, 1887 
Street, residence, 42 W. 84th St,, 1 M Dec. 6, 1887 
New York City. L 

Professor of Engineering New f 
Mexico College of Agriculture) A June 20, 1894 
and Mechanic Arts, Mesilla ] M Mar. 28, 1900 
Park, N. M. (. 

Constructing Engineer, Care of ( A Sept 20,. 1893 
Frazar & Co., Yokohama, Japan. ( M Mar. 21, 1894 
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- ^uaress. Date of Membership. 

Brinckerhoff, Henry Morton General Manager, Metro- f 

poJitan West Side Elevated R. R.;J A Sept, 23, 1806 
1001 Royal Insurance Rldg., Chi- » 
cago, III. 


Brooks, Morgan 


Brown, Alfred S. 


M Dec. 16, 1896 


Professor of Electrical Engineering, f . 

University of Nebraska; residence,-.’ 

512 So. I6th St., Lincoln,Neb. June 17, 1890 

Electrical Engineer, Western Union f . „ „ 

Telegraph Co., 195 Broadway, P. •} ^ 

O. Box 856, New York City. ( ^ 21, 189s 


A Sept. 
M Nov, 


6, i88f 

I, 1887 


Consulting Electrical Engineer, f 
[L.fe Member.] Cor. Sec’y, Carpenter Steel Co., i 

Broadway; Vice-Pres’t and Treas. 

Mutual Realty and Loan Corp 
Treas., of the Realty-Loan Trust ' 

Co., 203 Broadway,NewYork City; 
residence, Park Hill, Y( 5 nkers,N.Y. 

Browne, Sidney Hand. Consulting Engineer, Duncan and 

Browne, Md. Tel. Bldg., rest- 1 

^ ^ 'A Apr. 28, 1897 


Brush, Chas. F. 
Buck, Harold W . 

Burch, Edward P. 


—jjiug., resi¬ 
dence, The St. Paul Apartments, 
Baltimore; P & A. Tel. Bldg 
Pittsburg, Pa. 


M Nov. 23, 1898 


Electrical Engineer, 453 
Arcade, Cleveland, O. 


Electrical Engineer, Niagara Falls 
Power Co., 170 Buffalo Ave., Nia¬ 
gara Falls, N. Y. 

Consulting Electrical Engineer, 
1210 Guaranty Building, Minne¬ 
apolis, Minn. 


The (A April 15, 1884 
IMOct. 21,1884 


A Jan. 16, 1895 
M Apr. 26, 1901 

A Jan. 28, 1898 
M May 17. 1898 


Burgess, Chas. Fred’k. Ass t Professor of Electrical Engi- f 

neering, University of Wisconsin, J A Mar. 25, 1896 
residence, 609 i.akeSt., Madison, j M Apr. 26, 1901 


Burleigh, Chas. B. 

Burton, William C. 
Cahoon. Jas. Blake 

Carichoff, E. R. 

Carhart, Henry S. 
Carroll, Leigh 

( 15 ) 


Electrical Engineer, General Elec- f 
trie Co., 200 Summer St., Bos- 
ton, residence, - - — 

Malden, Mass. 

Electrical Engineer, J. G. White ( 
Co., 22a College Hill, London, E. \ 
C., Eng. 


—_ A April 21, 1891 
Oak Terrace, 1 M Feb. 16, 1892 


A Sept. 20, 1893 
M Dec. 27, 1899. 

Consulting Engineer, Onondaga f 
County Savings Bank Budding ; J A June 17, 1800 
residence, 729 Crouse Ave., SyTall M May 89? 
cuse, and 40 Wall St., New York. [ ^ ^ ^ 

Electrical Engineer. Sprague Elec¬ 
tric Co., 52 Broadway, New 
York, N. Y. 


A Mar. 21, 1894 
M May 15, 1900 


Physics, University of (A Sent 2=: i8qk 
Michigan. Ann Arbor, Mich. ] M April J.’ 1896 

President Algiers Waterworks and ( . 

Electric Co., 70S Union St., New-I ^ ^^89 

Orleans, La. ) M Nov. 12, 1889 
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Name. Address. Date of Membership. 

Carus-Wilson, Prof. Charles A. Consulting Engineer, 41 ) . . 

Chamberlain, J. C. Vice President and Manager, The f 

Electric Launch Co., Bayonne J A Dec. 6, 1887 
City, N.J.; residence, i West 8ist [ M Jan. 3, 1888 
St., New York City. L 

Chandler, Charles F. Professor of Chemistry, Columbia j A Jan. 20, 1891 
University, New York City. ( M June 7, 1892 


Cheney, W. C. 


Chesney, Cummings C. 


Electrical Engineer and Contractor, 
Portland, Or.; residence, Oregon 
City, Or. 


A Sept. 22, 1891 
M Nov. 21, 1894 


Chief Electrical Engineer, Stanley 
Electric M'fg. Co., Pittsfield, 
Mass. 


A June 20, 1894 
M Nov. 22, 1899 


Childs, Arthur Edwards, .B. Sc. M.E., E.E. Vice-Presi- f 

. dent and Treasurer, The Light, J A June 20, 1894 
Heat and Power Corporation, 1 M April 17, 1895 
23 Central St., Boston, Mass. [ 


Chubb ucK, H. Eugene 

Churchill, Arthur 

Clark, Ernest P. 

Clarke, Chas. L. 

Colby, Edward A. 


General Manager, Quincy Lighting f 
Companies, and Manager Quincy J A Dec. 4, 1888 
Railway and Carrying Co.,) M April 26, 1899 
Quincy, Ill. L 


British Thomson-Houston Co., 83 
Cannon Street, London, E. C., 
Eng. 


A April 15, 1890 
M Jan. 17, 1893 


Electrical Engineer, B. Altman & f 
Co , 19th St. and 6th Ave.; resi-J A Jan. 8, 1887 

dence, 229 W. i8th St., New ) M Nov. i, 1887 
York City. L 


Electrical Engineer and Patent Ex¬ 
pert, 31 Nassau St., New York 
City. 

Consulting Engineer, 

Lock Box 113, Newark, N. J. 


A April 15, 1884 
M Jan. 6, 1885 

A April 2, 1889 
M May 7, 1889 


Colvin, Frank R. 
Comstock, Louis K. 
Condict, G. Herbert 
Cornell, Charles L. 
Coster, Maurice 
Cowles, Alfred H. 


Box 217, Roselle, N. J. j A April 18, 1894 

( M May 21, 1895 

Electrical Engineer,George A. Fuller (A Dec. 20, 1893 
Co., 137 Broadway, New York. (M Nov. 20, 1895 

Electrical Engineer, Columbia and (A July 12, 1887 
Electric Vehicle Co., Hartford, Ct. | M Sept, 6, 1887 

Treasurer, Niles-Bement-Pond Co., jA Feb. 7, i8go 
136 Liberty St., New York City. |M June 27, 1895 

45 Rue de la, Arcade, Paris, j A Sept. 25, 1895 
France. ( M Mar. 25, 1896 

President the Cowles Electric f 
Smelting and Aluminum Co., 361J A Mar. 5, , 1886 
The Arcade; residence, 656 Pros-| M May 7, 1S89 
pect St., Cleveland, O. ’ L 


Crocker, Francis Bacon {PasUPresident ) Professor of f 

[Life Member.! ' Electrical Engineering, Columbia) A May 24, 1887 

University; residence, 14 W. 45th j M April 2, 1889 
Tel. 3823 38th New York. (. 
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Name. 

Cross, Charles R. 


Address. Date of Membership. 

Thayer Professor of Physics, and f 
Director of the Rogers Labora- J A April 15, 1884 
tory, Mass. Institute of Technol-) M Oct. 21, 1884 
ogy, Boston, Mass. 


Cushing, Harry Cooke, Jr. Electrical Consulting and Con- ( ^ c 
structing Engineer, 39 Cortlandt-| 

St., New York City. ' 


CuTTRiss, Chas. 
Daft, Leo 


Electrician, The Commercial Cable (A Nov. 
Co., 20 Broad St., New York. j M Dec. 

Consulting Electrical Engineer, 50 ( . 
Hartfield Road, Wimbledon, -( ^ Dec. 
London S. W. Eng. ( ^ 


I M Nov, 18, 1896 


ARLINGTON, FREDERIC W. Consulting Electrical and Me¬ 
chanical Engineer, 1120 Real Es¬ 
tate Trust Bldg, Philadelphia, Pa 

Davidson, A. 


I, 1887 
6, 1887 

9, 1884 
6, 1885 


Davis, Albert G. 


Cable Engineer and Electrician, 
Central and South American Tele¬ 
graph Co , Lima, Peru. 

Manager,Patent Dep’t,General Elec¬ 
tric Co, Schenectady, N.Y. 

Davis, Charles H., C. E. Consulting Engineer, Broad f 
Exchange Bldg. New York City, 
204 Walnut Place, Philadelphia, 
Pa., 4 State Street, Boston, 
Mass. 


A Sept. 19, 1894 
M Nov. 25, 1895 

A May 18, 1897 
M Oct. 27, 1897 

(A Mar. 23, 1898 
( M Sept. 26, igoo 


Davis, Minor M. 


Dawson, Philip 


Traffic Manager, Postal Telegraph- 
Cable Co., 253 Broadway, New 
York City. 


A Mar. 18. 1890 
M June 17, i8go 


A April 6, 1886 
M May 16, 1895 


Decker, Edward P. 


^ p Engineer with i . ^ 

R. W. Blackwell, 39 Victoria St., } ^5, 1895 

Westminster, London, Eng. f ^ ^eb. 17, 1897 

r. Westinghouse. f 

496 r 

..KHOXZ.SKV. CAPX. ACH.XXES. Late Chief Electrician and f 

ft Oct. 27. 1891 

Chicigo.llf Avenue, 1 m Nov. 22, 1899 

Delany, Patrick Bernard Inventor, South Orange N, J 


Denham, John 
Dickenson, Samuel S. 
Diehl, Philip 

Dion, Alfred A. 


j A April 19, 1884 
p, . . . ^ I ^ Nov. 24, 1891 

Electrician, Cape Government, Cape i A Tan r 1 
Town, South Africa. ^ ; J/."* 24,1900 

Co., Ha- ( 

zel-HilI, Guysborough Co., N. S, { 

Inventor, Singer Sewing Machine ( 

Co. 508 Morris Ave., Elizabeth i ^ 1884 

’)MDec. 9,1884 

A Jan. 7, 1890 
M Nov. 15, 1893 


i M May 15,’ 1900 

A Mar. 6, 1888 
M Oct. I, 




"ohf- Electric Ma- 


(rS) 


chine and Lamp 
borough, Mass. 


Go., Marl- 


A Aug. 6, 1889 
M June 27, 1895 
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Dodge, Omenzo G., Prof. U. S. Navy, Naval Academy, j A Sept. 20, 1893 
Annapolis, Md. ■ ( M April 17, 1895 

Doyer. H. Consulting* Electrical Engineer, j A J[an. 7, 1890 

8 Phoenixstraat Delft, Holland. ( M Mar. 18, 1890 


Bommerque, Franz J. 


Donner, William H. 
Dow, Alex 


Dudley, Charles B 


Dunbar, F. W. 


Chief Engineer, Kellogg Switch¬ 
board and Supply Co., cor. Con¬ 
gress and Green Sts., Chicago, Ill. 


A Oct. 17, 1894 
M Mar. 25, 1896 


Ingleside, Lyndhurst Road ( A Nov. 18, 189® 

Hampstead, Eng. ] M Dec. 16, 1890 


j A Sept. 20, 189J 

18 Washington Aye.; jg^ 

844 Cass Ave., Detroit, Mich. ( 


Chemist and Scientific Expert, 
Penn. R. R. Co., Drawer 334. 
1219 Twelfth Ave., Altoona, Pa. 

S. W. Cor. Greene and bongress 
Sts., Chicago; residence, High¬ 
land Park, Ill. 


A Oct. I, 1889 
M Nov. 12, 1889 


A Dec. 21, 1892 
M May 16, 1893 


Duncan, Dr. Louis ( Past-President) Duncan & Browne, f 

Consulting Engineers, Baltimore, J A July 12. 1887 
Pittsburg, Philadelphia and 71 ] M Sept. 6, 1887 
Broadway, New York. 


Dunlap, Will Knox Supt. of Construction, Westing- 
house Elec, and Mfg. Co.. Pitts¬ 
burg, Pa. 

Dunn, Gano Sillick, M.S.,E,E, {Vice-President). Chief En¬ 
gineer, Crocker-W’heeler Co., 
Ampere, N.J.; residence, 115 W. 
71st St, New York City. 


j A Sept. 25, 1889 
1 M June 24, 1895 

{ A April 21, 1891 
M June 20, 1894 


Dunston, Robt. Edward Superintendent, State .Line and (A Oct. 27,1891 
Sullivan R. R., Towanda, Pa. j M Feb. 16, 1892 

Dyer, R. N. Patent Attorney, 31 Nassau St., ( A July X2, 1887 

New York City. ( M Sept, 6, 1887 

Edison, Thomas A. Mechanician and Inventor, Lie- j A April 15, 1884 

wellyn Park, N. J, ( M Oct. 21, 1884 


Edgar, C. L. President Edison Elec. Illuminating f 

Co. of Boston, 3 Head Place, J A Jan. 22, 1896 
Boston; residence, 259 Kent St., 1 M May 19, 1896 
Brookline, Mass. t 


Egger, Ernst 


Technical Director, Vereinigte f 

EiektricitHts Actien Gesellschaft, j A Feb 21, 1893 
Simmeringstr, 187, Vienna, X., j M Mar. 21, 1894 
Austria. L 


Emmet, W. L, R. 


( Vice-President.) Electrical Engi¬ 
neer, General Electric Co., Sche¬ 
nectady, N. Y. 


A June 6, 1893 
M Jan. 17, 1894 


Fessenden, Reginald A. Special Agent, U. S. Weather Bu-j A Oct. 21, 1890 
reau, Washington, D. C. ( M Dec. 16, 1890 


Field, Cornelius J., M. E. Consulting and Constructing g ^gg 

Etigitieer Church, Lane and j ^gg 

37th bt., Brooklyn, N. Y. ( ' 


Field, Henry George 


Consulting Engineer, Field & 
Hinchman, 1203 Majestic Build¬ 
ing, Detroit, Mich. 


A April 22, 1896 
M Dec. 16, 1896 


<iq) 



738 


MEMBERS 


Name. 

Field, Stephen D. 

Fischer, Gustave J. 

Fish, Walter Clark 
Fisher, Henry W. 

Fitzmaurice, James S. 
Flack, J. Day, M, E. 

Fortbnbaugh, S. B. 
Foster, Horatio A. 
Poster, Samuel L. 

Freedman, William H. 

Freeman, Dr. Frank L. 

Gale, Horace B. 

GarRATT, Allan V. 

Gerry M. H., Jr., 


Address. Bate of Membership. 

Klectrical^ Engineer, Compagnie f 
Genevoise de Tramways Elec-J A April 15, 1884 
triques. A La Jonction, Geneva, ] M Oct. 21 1884 
Switzerland. ^ 

Engineer for Tramway Construction, ( . - 
Public Works Department, } 1 20, 1891 
Sydney, N. S. W. / ^ May 17, 1898 


Manager Lynn Works. General Elec- j A June 26 i8qi 
tnc Co., Lynn, Mass. ] M Feb. 26* 1896 

Electrician and Director of Elec, and f 
Chem. Laboratories; The Standard J A Jan. 16 i8qs 
Cable Co., Pitts -1 M April 26,’1901 

Engineer, The Electric Light ( * ^ 

Branch, 210 George St., Sydney. •< 

N. S. W. I M Mar. 21, 1894 

SuDt. Engineer of the International f 
Smokeless Powder and Dynamite | . 

Co., South Amboy, N. J • resi-^ ^ 

dence. So Carlton St, Eak Or- ^ *® 9 S 

ange, N. J. 1 

112 Cannon Street, London E. C. 

Eng. -j ] 

El^tncal Engineer, 650 Bullitt j A June 8,1887 
Building:, Philadelphia, Pa. } M Sept. 6, 1887 

Chief Electrician, Market Street f 
Railway Co,, Market & Valencia J A Feb. 26, 1806 

Sts.; residence, 368724th St., San] M Nov, 18 1806 
Francisco, Cal. [ ' ^ 

Professor of Electrical Engineering ( , ,, 

University of Vermont; residence ^^90' 

222 So. Union St., Burlington,Vt! ^^95 


(A April 17, 1895 
I M Dec. 16, 1896 


Attorney-at-Law, Solicitor of Pat- 
ents, Electrical Expert, 931 F St., 
Washington, D. C. 


A May 7, 1889 
M Sept. 3, 1889. 


Mechanical and Electrical Engi- ( 
neer, Natick, Mass. j 

Chief Engineer, Lombard Water- f 
wheel Governor Co., 61 Hamp¬ 
shire St, Boston; residence, . 6 ] 
Newbern St.,Jamaica Plain,Mass. [ 


A Nov. 15, 1892 
M May 16, 1893 


A April 2, 1889 
M May 7, 1889 


Engineer and Supt., Helena Water 
and Electric Power Company, 
Helena, Mont 


A April 18, 1893 
M Oct. 21, 1896' 


Geyer, Dr. Wm. E. 
Gharky, William Day 


Gifford, Clarence E. 


( 17 ) 


Technology, ( A June 
Hoboken, N. J. ^ Sept. 


5, 1888 
7. 1888 


w Electrical Engineer, Firm of Cle- f 

Gharky, 2347 Park Ave., ' A May 21 j8qs 

WaswSn: D."c'." 


Professor of Engineering, Caton’s 
College: residence, 878 Prospect 
Ave., Buffalo, N. Y. 


A May i6, 1893 
M Feb. 21, .1894 
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Date of Membership, 


Goldsborough,]]Winder Elwell, M, E., Professor of Elec¬ 
trical Engineering^ and Director of 
Electrical Laboratory, Purdue 
University, 113 South St., Lafay¬ 
ette, Ind. 


A Mar. 21, 1893 
M Jan. 25, 1899 


Goltz, William Badt-Goltz Engineering Co., I 504 j 

Monadnock Block, Chicago, III. ) 

Goodman, Wm. Geo. Toop Electrical Engineer, Tramway f 
Construction under N,S W. Gov- [ 
ernment, Public Works Dep’t;resi--{ 
dence. 86 Bondi Road, Sydney, | 
N.S.W. L 


Gossler, Philip Green Electricaf Engineer, Royal Electric j 
Co., 94 Queen St., Montreal, P.Q. ( 

Gregg, Tom Howard Supt. Electrical Construction, U. S. f 
Light House Board, Tompkins-J 
ville. S. I., N. Y.; residence. 6 1 
Wall St., St. George, S. I. (. 


Gutmann, Ludwig Consulting Electrical Engineer, 309 i 

Y. M. C. A. Building,Peoria, 111 . j 

Hadaway, W. S., Jr. Electric Heating Engineer, 107 j 
Liberty St., New York City. ( 


Hadley, Arthur L. Electrical Engineer, Fort Wayne ( 
Electric Works, residence, 252 W. -j 
DeWald St , Fort Wayne, Ind f 


Hadley, Fred’k W. 

[Life Member.] 


Hafer, George, Jr., 


Electrical Eng’r, c/o Westinghouse, 
Church. Kerr & Co., 26 Cprtlandt 
St , New York; residence, Arling¬ 
ton Heights, Mass. 

Gen. Supt. and Elec. Eng. Cincin¬ 
nati Gas Co., Elect. Dept., Cin¬ 
cinnati, O. 


Hall, Clayton C. 


Hall, John L. 


Hamilton, Geo. A. 


Hammer, Edwin W 
Hammer, William J. 

[Life Member.] 


Hanchett, Geo. T. 


Attorney-at-Law, and Consulting f 
Actuary, Room 40, Maryland! 
Life Building, 10 South St., ] 
Baltimore, Md. L 

District Manager, Bullock Electric f 
M’f’g. Co., 608-619 North Amer-j 
ican Bldg.; residence, 3116 1 
Euclid Ave., Philadelphia, Pa. 

{Treasurer^ Electrician,* Western f 
Electric Co., 463 West Street, J 
New York ; residence, 532 Morris j 
Ave., Elizabeth, N, J. L 

Electrical Engineer, 46 Second Ave., { 
Newark, N. J. ( 

Consulting and Supervising Elec¬ 
trical Engineer, 1406 Havemeyer 
Bldg, 26 Cortlandt St,, [Tel. 251- 
Cortlandtl; residence, 153 West 
46th St., New York City. 

Electrical and Technical Engineer, ( 
123 Liberty St., N. Y.;residence, •< 
Hackensack, N. J. ( 


A Oct. 27, 1897 
xM Feb. 23, 1898 


A Aug. 23, 1899 
M May 15, 1900 


A June 20, 1894 
M June 24, 1898 

A Mar. 22, 1899 
M Sept. 26, 1900 

A Sept. 14, 1888 
M Mar. 2r, 1893 

A Nov. 21, 1894 
M Oct. 21, 1896 

A Oct. I7i 1894 
M Mar. 22, 1901 


A Aug. 5, 1896 
M Feb. 28, 1901 


A Nov. 23, 1900 
MApr. 26, 1901 


A April 15, 1884 
M Oct. 21, 1884 


A Sept. 22, 1891 
M Dec. 20, 1893 


A April 15, 1884 
M Oct. 21, 1884 

A Nov. 18, 1896 
M June 23, 1897 


A June 8, 1887 
M July 12, 18.87 


A May 19, 1896 
M Feb 15, 1899, 
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MEMBERS 


E, ei»* sr., 

Market St.; residence, 554 Had--s’ ^ 
don Ave., Camden, N. T.' / ^ ^9» 1899 

Hartwell, Arthur 


Haskins, Caryl D. 
■Haskins, Charles H. 
Haskins, Clark Caryl 
Hasson, W. F. C. 
Hayes, Hammond V. 

Hayes, Harry E. 
Haynes, F. T. J. 

Heath, Harry E. 
Heinrich, Richard O. 


Market St.; residence^ 554’Had 
don Ave., Camden, N. J.' 

Manager Chicago office. West- f 
inghouse Electric and Mfg Co. ‘ 
lU^ Salle Street, Chicago 


A May 15, 1894 
», I M Nov. 20, 1895 


El^trical Engineer, General Electric j A Mar, 18, i8qo 
Co., Schenectady, N. Y. ] M June 20, 1894 


i 


A April 15, 1884 
M Oct. 21, 1884 


Electrician, 70 Linwood Avenue 
Buffalo, N. Y. 

Electrical Engineer, 682a West] A Sept. 20, 1803 
Adams St., Chicago, Ill. j M Mar. 21, 1894 

Consulting Engineer, Judd Building ( A Mar. 18, i8go 
Honolulu. H.T. l T\/r . 


i M May 15, 1894 


Electrical Engineer, the American f 
Bell Telephone Co., 125 Milk St., J A Nov. 12, 1880 
bo. Boston;residence, Cambridge, } M Mar. 18, i8qo 
Mass. ^ 


A April 18, 1893 
M Dec. 20, 1893 


Asst. Electrician, American Tele¬ 
graph and Telephone Co., 22 
Thames St., New York City. 

Divisional Telegraph Engineer, f 
Great Western Railway; resi¬ 
dence, Belmont Villa, Cheddon 
Road, Taunton, Eng. 

Eddy Electric (A Mar. 21, 1893 
M f g. Co., Windsor, Conn. J M Mar. 25, 1896 

I, 1889 
M Oct. 25, 1892 


A Dec. 
M Jan. 


6, 1886 
3, 1887 


General Manager, European Weston ( . ^ 

Electrical Tnc:trnTr>^.«t 00 ) A Oct, 


Electrical Instrument Co.,'^ 88 ] : 

Ritterstrasse, Berlin, Germany. ( 

Hbnshaw^ Frederick V.: Ass’t. Engineer, Crocker -Wheeler ( , - 

Co., Ampere, N. J.; residence, 79 \ t J®'’- 5 , 1889 
State St., Brooklyn, Fi. Y ^ | M Nov. 20, 1895 


Hsrdman, Frank E. 
Hering,** Carl 

[Life Member.] 


Herrick, Charles H. 


Hbrzoq, F. Benedict, 


Mechanical and Electrical Engineer. 
Crane Elevator Co., Winnetka, Ill 


\ j A Dec. 18, 1895 
I M Oct. 21, i8g6 


Hewitt, Charles 

delphia, ^Pa. 

Hewlett, Ernest Holcombe 


(President,) Consulting Electrical f 
Engineer,92g Chestnut St.; Phila-J A Jan. 3, 1888 
delphia, residence, Lehman Lane, | M June 1888 
Germantown, Pa. L 

Superintendent Isolated, Lighting f 
and Power Dep’t., Edison Electric I . . 

•Hluminating Co., 3 Head Place, ^ ^ 

Boston; residence, 22 Herrick St., | ^ 1893 

Winchester, Mass. 

Ph, D. President, Herzog Teleseme { , 

Co., 51 W. 24th St., New York^ t ^ 4 , i88y 
City. July 12 1887 


<t8) 


Electrical Engineer, Union Traction ( a o 
Co., 809 Spruce Street, Phila- •< :r^ ,?P^- ^^^90 

delphia, Pa. ) M May 17, i8gt 

BE c/o Institution of Electrical ( , ^ 

Engineers, 28 Victoria St, West-1899 
minster, London, England. (27,1899 
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Hibbard, Angus S. 

Higgins, Edward E. 

Hobart, Henry M. 
Holmes, Franklin S. 


Address. 


Date of Membership. 


General Manager. Chicago Tele¬ 
phone Co., 203 Washington 
St., Chicago, 111 . 


jA Nov. 24. i8gi 

1 M Feb. 16, 1892 


Treasurer McGraw-Marden Co , 32 
Waverly Place, New York City ; 
residence, Tarrytown, N. Y. 


A June 8, 1887 
M July 12, 1887 


Engineer, care Union Electricitats j A April 18, 1894 
Gesellschaft, Berlin, Germany { M Sept. 27, 189^, 


Electrical Engineer, 108 Fulton St., 
New York City ; residence 318 
E. 12th St., Brooklyn, N. Y. 


A April 21, 1891 
M June 20, 1894 


Houston, Edwin J., Fh.D. A) Prof.of Physics, f 

[Life Member.] Franklin Inst., Firm of Houston | ^ 

& Kennelly, Crozer Bldg., 1420^ 
Chestnut St. ; residence, 1809 [ 
Spring Garden St., Phila., Pa. [ 


April 15, 1884 
Oct. 21, 1884 


Howell, John W. 


Engineer, Lamp Works General 
Electric Co. Harrison; residence, 
Ballantine Parkway.Newark,N.J. 


A July 12, 1887- 
M June 5, 1888 


Howell, Wilson S. Test Officer, Lamp Testing Bureau, f 

5th and Sussex Sts , Flarrison; j A Sept. 3, 1889. 
residence. Ward Place, South Or-j M Mar. 18. 1890 
ange, N. J. L 

Hubley, George Wilbur Superintendent and Electrical Engi- f 

neer Louisville Electric Light Co. ;J A Sept 19. 1894 
residence, 1205 Garvin Place, j M May 15, 1900 
Louisville, Ky. L 


Humphrey, Henry H, 


Consulting Electrical Engineer, 
Suite 1305 Chemical Building, St 
Louis, Mo. ^ 


A Dec. 16, 1896 
M April 28, 1897 


Hunter, Rudolph M. 


Hunting, Fred S. 


Expert and Counsellor in Patent ( 
Causes, 926 Walnut St., Phila--j 
delphia, Pa. ( 


A July 13, i886- 
M May 17, 1887 


Chief Engineer, Engineering De- f 
partment, Fort Wayne Electric J A Nov. 15, 1892 
Co., 325 West Washington St .,1 M May 16, 1893 
Fort Wayne, Ind. t 


Hutchinson, Dr, Cary Talcott Consulting Electrical 
[Life Member.] Engineer, 71 Broadway, New 

York City. 


A Feb. 7, 1890 
M Dec. 16, 1890 


Hyde, Jerome W. 


Inrig, Alec Gavan 


Ives, Edward B. 
Jackson, Dugald C. 


Ass’t Treasurer, The Springfield { . x 
Steam Power Co., Wason Bldg. ^ ^ ir 
Springfield, Mass. (n i uv. 


8, 1887 

I, 1887 


Globe Electrical Co., Arthur Villa, ( . x g 

Agnes Road, Blundellsands, near ^ 9 . ^^9 

Liverpool, Eng. ( 


Signal Officer, U. S. Volunteers, ( A April 2, 1889; 
War Dept., Washington, D. C. ( M May 15, 1894 


Consulting Engineer, Professor of 
Electrical Engineering,Uniyersity 
of Wisconsin, Madison,'Wis. 


A May 3, 1887 
M June 17, 1890 


Jackson, Francis E. Incandescent Filaments Manufac- f 

turer, 128 Essex Ave,, Orange;! A Jan. 3, 1888' 
residence, 6r South Grove St., ] M June 17, 1890* 
East Orange, N. J. L 


(17) 
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MEMBERS 


Name. 

Jackson, Henry 

Jackson, John Price 

Jackson, Wm. B. 
Jannus, Frankland 

Jehl, Francis 
Jenks, W. J. 


Address. Date of Membership. 

Telegraph Supt. and Engineer, The f 

Lancashire & Yorkshire Railway J A Mar. 21, 1894 
Co., Horwich, Bolton-le-Moors, [ M Dec. 19,1894 
Lancashire, England. t 


Professor of Electrical Engineering, 
Penn. State College, State Col¬ 
lege, Pa. 


A Sept. 27, 1892 
M Jan. 17, 1894 


Engineer, with Stanley Electric j A Aug. 13, 1897 
M’f’g Co., Pittsfield, Mass. ( M June 24, 1898 


Attorney-at-Law, Solicitor of Patents, 
Room 1113:141 Broadway, (Tel 
6273 Cortlandt), New York City. 


A Nov. 12, i88g 
M Mar. 18, 1890 


VII Kazinczy-uteza 21, Budapest, j A June 27, 1895 
Hungary. (Mjan. 22.1896 

Secretary, Board of Patent Control, f 
120 Broadway, New York City;! A June 8, 1887 
residence, 497 4th St., Brooklvn, 1 M Nov. i, 1887 
N. Y. I 


Johnston, A. Langstaff Chief Engineer, Richmond Traction ( a * -i 

Co., 1112 E. Main St., Richmond, i ^ a -i ^q’ 

Va. / M 18, 1894 


Jones, Francis Wiley 

[Life Member,] 


Electrical Engineer, Postal Tele- 


graph-Cable Co., 253 Broadway, ^ 
New York City. | M Oct 


A April 15, 1884 
21, 1.884 


Keith, Dr. Nathaniel S. Chief Engineer and Electro- f 

Metallurgist, Arlington Copper J A April 
Co., Telephone iq “Arlington,” | M Tan. 
Arlington, N. J. [ 


Kenan, Wm. R. Jr. 
Kennelly, Arthur E. 

[Life Member.] 


Kirkland, John W. 


Kinsman, Frank E, 


c/o Traders' Paper Co., Lockport, J A [an. 
N. Y. ■(MApr. 

{Past-President)l^\tctvic\2Ll Engineer, f 
Firm of Houston & Kennelly, 

1203-4 Crozer Bldg., 1420 Chest-J A Mav 
nut St.; residence. The Land-' M May 
sowne, N. 41st St. and Parkside 
Ave., Philadelphia, Pa. 

c/o So. African General Electric ( a tv/t 
C o., Hampson’s Building, Dur--I:^n^^' 
ban. Natal, S. Africa. ( ^ 

Electrical Engineer, 26 Cortlandt J 
St., New York City; residence, ! A Sept 
836 Sherman Ave., Tel. 1024, ( M May 
Plainfield, N. J. ^ J ^ 

Knowles, Edward R. E.E., C,E. Consulting Electrical En-J 

gineer, 136 Liberty St., New York I A June 
City: residence, 82 Cambridge fM Tulv 
Place, Brooklyn. N. Y. J 


15, 1884 
17, 1894 

20, 1897 
26, iQor 


I, 1888 
16, 1899 


21, 1894 
26, 1900 


27, 1892 
r6, 1893 


8, 1887 
12, 1887 


Knox, Chas. Edwin 


Knudson, a. a. 


(16) 


With C. O. Mailloux, Consulting J 
Electrical Engineer, 76 William ! A. May 
St.; residence, 108 W. 122nd St., f M. Dec 
New York, N. Y. j 

Electrical Engineer, Room 416, 32 f 
Nassau St., New York City, Tele-J A Dec. 
phone 2100 John ; residence, 127 1 M Tan. 
Prospect Place, Rutherford, N. J. 


16, 1899 
27, 1899 


6, 1887 
3, 1888 



MEMBERS 


748 


isfame. Address. Date of Membership. 

Lange, Philip A. Superintendent Westinghouse Elec-( . ^ 

trie and Manufacturing Co., East j ^ ’ ^ggg 

Pittsburg, Pa. ( J 


Langton, John 


A Mar. 


Electrical Engineer, Canada Life ( 
Building, Toronto, Ont., and 72 i -ly 
Trinity Place, New York, N. Y. ( 


6, 1888 
5, 1888 


Lardner, Henry Ackley J. G. White & Co., 29 Broadway, 
New York City; residence, 50 
Orange St., Brooklyn, N. Y. 

La Roche, Fred. A. Senior Member of F. A. La Roche 
& Co., 652-660 Hudson Street; 
residence, 28 W. 25th St., New 
York. 


/a Dec. 19, 1894 
r M May 16, 1899 

! A Sept. 19, 1894 
j M Nov. 20, 1895 


Layman, W. A. 


Lemp, PIermann, Jr. 


Assistant Manager and Treasurer, 
Wagner Electric M’fg. Co., 2017 
Locust St. St. Louis, Mo. 


A Nov. 22, 1899 
M Nov. 23, 1900 


Electrician, General Electric Co.; 
residence, 186 Allen Ave., Lynn, 
Mass. 


A April 2, 1889 
M Feb. 21, 1893 


Leonard, H. Ward 

[Life Member.] 


Leslie, Edward Andrew 


Electrical Engineer, Pres’t. Ward 
Leonard Electric Co., Bronxvi]le,_ 
N Y.; residence, Lawrence Park, 

N. Y. 

Vice-President and Manager, Man¬ 
hattan Electric Light Co., Ltd., 
57 Duane Street. New York City;- 
residence, 262 flancock Street, 
Brooklyn, N. Y. 


I^A July 12, 1887 
1 M Sept. 6, 1887 


J A Jan. 16, 1895 
) M Feb. 17, 1897 


Levis, Minford 


Superintendent and Electrical Engin¬ 
eer, Novelty Electric Co., 54 
North 4th St., Philadelphia, Pa. 


A Feb. 21, 1893 
M June 23, 1897 


Leyden, Harry Russell, Hamilton Elec. Lt. & Cataract Pr. < A Nov. 23, 1900 
Co., Mgr , Flamilton, Ont. ( M Feb. 28, 1901 

Lieb, John William, Jr. {Vice-President) General Mgr.,Edi- f 

son Electric 111 . Co., ‘>3 Duane j A Sept. 6, 1887 
St.;residence,869 West End Ave., j M Nov. i, 1887 
New York City. L 


Lighthipe, James A. 


District Engineer, General Electric 
Co., Claus Spreckels Bldg., San 
Francisco, Cal. 


A Feb. 21, 1894 
M April 17, 1895 


Lincoln, Paul M. Electrical Supt. Niagara Falls Power jA Sept. 25, 1895 

Co., Niagara Falls, N. Y, ( M June 24, 1898 


Lloyd, Herbert 


Lloyd, John E. 


{Manager) Vice President and Gene- f 
ral Manager, Electrical Engineer ' 
and Chemist, The Electric Ston 
age Battery Co., Allegheny Ave 
and 19th St , Philadelphia, Pa. 

Chief Engineer and General f 

Manager Cape Town Tramways, J A Jan, 22, 1896 
49 Sir Lowry Road, Cape Town, ) M Mar. 25, 1896 
S. Africa. L 


j A June 20, 1894 
I M May 21, 1895 


Lloyd, Robert McA. Electrician, 100 Broadway; resi- ( * ^ 21 1800 

dence, 5 Gramercy Park, New ] ^ 

York City. ( 
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MEMBERS 


Name. Address. Date of Membership. 

Lockwood, Thomas D., Electrical Engineer, and Advisory ( . * 

[Life Member.! Electrician, P. O. Drawer 2 ^ 5 , 1884 

Boston, Mass. ’ ■‘SS4 

Loomis, Osborn P. Electrical Engineer, Newport News ( 

Shipbuilding and Dry Dock Co. ■< 

Newport News, Va. [ ^ ^^ 9 ^ 


Lorrain, James Grieve Norfolk House, Norfolk St., Lon-(A May 16, i8qi 
don, W. C., England. j M May 15, 1894 

Lovejoy, J. R. General Manager, Supply Dept ( * 

General Electric Co., Schenec 

tady, N. Y. 1 M Peb. 21, 1894 


Lozier, Robert T. E. Manager, Bullock Electric Co., St. f 

Paul Bldg., New York City; resi-J A May 20, 1890 
dence, 326 Richmond Terrace, 1 M Tan. 24, looo 
New Brighton, S. I. 

Lyman, James Assistant Engineer, Chicago Office, f 

[Lite Member.] General Electric Co., Monadnock J A Sept 19, 1894 

B’ld’g., Chicago ; residence, 1308 1 M Tan. 9, 1901 
Maple Ave., Evanston, Ill. 1^ 

Maccoun, Andrew Ellicott Supt. of the Electrical Dep’t ( 

The Carnegie Steel Co., Braddock,’ 

Pa. ’ July i8, 1899 

Macfarlane, Alexander, B. Sr., LL.B. Leciurer on ( 

Mathematical Physics, Lehigh •{ 1892 

Uni\ersity, South Bethlehem. Pa. ( ^ 


Mailloux, C. O. 

[Life Member.] 


Mansfield, Arthur N. 


{Manager) Consulting Klectri- f 
cal Engineer, 76 William St., j A. April 15, 1884 
lelephone 2776 John ; residence. ] M Oct. 21, 1884 
48 W. 73d St.. New York. ( 


With American Telephone and Tele¬ 
graph Co., 125 Milk St., Boston, 
Mass. 


JA Dec. 20, 1893 
1 M June 20, 1894 


Marks, Louis B., M. M, E. President, Marks Enclosed 
Arc Light Co , 68q Broadway ; , 
residence, 51 East 67th St., New] 
York City. i 

Marks, William Dennis, jP/i.B. C. E, President, The 
American Electric Meter Co., 9th 
& Montgomery Ave.,Phiia.; Pres.- 
City Heat and Light Co., Fostoria 
O.; Mail, Art Club, Phiia. ,Pa. ’ 
Marshall, J. T. Metuchen, N. J. j 


Martin, Jllius 


Master Electrician, Navy Yard, 
Brooklyn; residence, 445 W. 21st• 
St., New York City. 


j A May 20, 1890 
I M Jan. 16, 1895 


A Feb. 7, 1888 
M May I, 1888 


A Oct. I, 1889 
M Nov. 12, 1889 

A Oct. 21, 1890 
M Nov. 20, 1895 


Marvin, PIarry N. c/o American Mutoscope and Bio- ( . 

graph Co., 841 Broadway, New ^ 9 » 1892 

York City. ] M Jan. 17, 1893 


Mayer, William, Jr. 


Electrical Expert and Consulting 
Electrical Eng’r, 120 Liberty St., 
New York City; residence, 227- 
Arlington Ave. (Tel. 1282 Bergen) 
Jersey City, N. J. 


A July 12, 1887 
M April 21, i8gi 
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Name. 

Mayer, George M. 

Maynard, Geo. C, 
McCay, H. Kent 

McCrosky, James W. 

McCrossan, J. a. 

Mershon, Ralph D. 

Millis, John 
Mitchell, James 

[Life Member.] 

Mix, Edgar W. 

Molera, E. J. 

Moore, D. McEarlan 
Moore, Wm. E. 

Morrow, John Thomas 

Murphy, John 
Neiler, Samuel G. 

Nichols, Dr. Edward I 
Nicholson, Walter W. 
Noll, Augustus 


Address. 


Date of Membership. 


Mechanical and Electrical Engineer, 
1401 Monadnoc’k Bldg., Chicago, 
Ill. 


A Dec. 16, 1890 
M June 20, 1894 


Electrical Engineer, Smithsonian j A April 15, 1884 
Institution, Washington, D. C. 


106 E. German St., Baltimore, 
Md. 


20, Buenos Aires, Argentina. 

Manager and Electrician, Citizens’ 
Telephone and Electric C'o., Rat 
Portage, Out. 

(^Manager.') Consulting Engineer, 
Room, 840, 621 Broadway, New 
York City. 

Major of Engineers U. S. A., 
Seattle, Wash. 


Brazil. 

Electrical Engineer, 12 Boulevard 
des Xnvalides, Paris, France. 

Civil and Electrical Engineer, 2025 
Sacramento St., San Francisco, 
Cal. 

Inventor, Moore Electrical Co., 52 
Lawrence St., Newark, N. J. 

General Superintendent and Elec¬ 
trician, The Augusta Railway & 
Electric Co., Augusta, Ga. 


Mont. 


Member of the Firm of Piei ce, Rich¬ 
ardson & Neiler, Consulting and 
Designing Engineers, 1405-12- 
Manhattan Building ; residence, . 

Hotel Del Prado, Chicago, Ill. 

. Professor of Physics, Cornell Uni- ( . ^ . oj, 

versity ; residence. 5 South Ave., ^ f 

Ithaca, N. Y. > y / 


1 M Dec. 

9 > 

1888 

Ja Sept. 

16, 

1890 

1 M May 

19, 

1891 

J A Dec. 

20, 

i8g3 

j M Dec. 

16, 

1896 

jA Oct. 

18, 

1893 

1 M Dec. 

18, 

1895 

j A Mar. 

20, 

1895 

1 M Jan. 

22, 

1896 

A July 

7 > 

1884 

1 M Mar. 

3 , 

1885 

J A Sept. 

25. 

1895 

1 M Mar. 

25, 

1896 

j A Sept. 

3 , 

1889 

( M Mar. 

20, 

1895 

j A Jan. 

16, 

1892 

1 M June 

7 , 

1892 

(A Dec. 

20, 

1893 

j M June 

20, 

1894 

j A Jan. 

22, 

1896 

j M Sept. 

27. 

1899 

J A Dec. 

21, 

1892 

1 M April 

18, 

1894 

j A May 

I 5 > 

1900 

( M Apr. 

26, 

1901 

A April 

18, 

1894 

M Dec. 

18, 

1895 


General Supt. Central N. Y. Tele¬ 
phone and Telegraph Co., Tele¬ 
phone Building, Utica, N. Y. 

Contracting Electrical Engineer, 8 
East J7th St., Telephone, 62, 
18th; New York City. 


j A May 15, 1894 
1 M May 18, 1897 

jA Sept. 27, 1892 
j M x^pril t8, 1893 
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MEMBmS 


Name. 

Nunn, Paul N. 
O’Connell, Joseph J. 


Address. 


Bate of Membership. 


Chief Eng^ineer, Telluride Power j A April 17 1805 
Co., Telluride, Colo. - ’ 


M Feb. 26, 1895 


O’Dea, Michael Torpey [Address unknown.] 


Telephone Engineer, Chicago Tele- ( . ^ 
phone Co., Residence, 76 Eugenes ^ 

St., Chicago, Ill. ] ^ Nov. 20, 1895 


OuDiN, Maurice A. 

Owens, Robert Bowie McDonald 


A June 8, 1887 
M Mar 25, 1896 


Electrical Engineer, General Electric j A June 20, i8oa 
Co., Schenectady, N. Y _y 


} M Nov. 20, 1895 


cDonald Professor of Electrical ( 

Engineering, McGill University i ^^ 9 ° 


Paine, F. B. H. 

Paine, Sidney B. 
Parker, Lee Hamilton 

Parks, C. Wellman 


Montreal, P.Q. 

Westinghouse Electric and Mfg. 
Co., 120 Broadway, New York 

N. Y. 


I M Dec. T5, 1897 

A Dec. 16, 1890 
M Nov. 25, 1891 


General Electric Co., 180 Summer (A June 8 1887 
St., Boston, Mass. > / 


M Nov. I, 1887 


The Buenos Aires and Belgrano) , , 

Electric Tramways Co., Calle C 
Co«4-^ XT' XT.._’ .. r M r»pr 


1895 


iramways l.o., L.alle >- 

Santa Fe No, 2457, Buenos Aires. ) ^ i8g6 

JA July 12, 1887 
. . - (M May i, 1888 

Parshall, Horace Field Consulting Engineer,8 Princes St. jA Sept. 7, 1888 
Bank, E. C., London, Eng. M Mar. 


Civil Engineer, U. S. N., U. S. 
Naval Station, San Juan, P. R. 


18, 1890 

Firm of Pattison Bros, Consulting f 
and Constructing Electrical En-J A Sept. 22 i8qi 
gineers, 141 Broadway, New - 

York City. 




M Dec. 16, 1891 


Engineer, Room 841, 621 Broad- j A Oct. 25, 1892 


way. New York City. 


M Feb. 21, 1893 


Electrical Designer, The Westing-) A Apr. 26, 1800 

finite#* 17. Jlr A/r r’o. T):!.....!__ -n® f n/r 

1 . . 


Pattison, Frank A. 

Pearson, F. S. 

Peck, John Sedgwick 

house E. & m'C o., Piu'shurgrpt. ( M May 15,’ igoo 
Pedersen, Fsederick Malling. M. E. E. Instructor in f 
Mathematics, College of the City I 
of New York, 17 Lexington Ave. 
residence, 39 Washington Square, 

New York City. 

President of The Schuylkill ( 

Valley Illuminating Co., Phoe- 
nixville, Pa. 


Perot, L. Knowles 


A Sept. 20, 1893 
M June 24, 1898 


Perrine, Frederic A. C. 
Fickernell, F. a. 

Pierce, Richard H. 

Pike, Clayton , B. S, 
(19) 


A Mar. 15, 1892 
M Dec. 18, 1895 


1 _, 

M’f’g Co., Pittsfield, Mass. 

Chief Engineer, Amer. Tel. & Tel, 
Co., 22 Thames St., New York 
City. 

Pierce, Richardson & Neiler, Elec¬ 
trical Engineers, 1409 and 1410 
Manhattan Bldg., Chicago; resi¬ 
dence, 5434 Monroe Ave., Hyde 
Park, III. ^ 


President Stanley Electric 1 A Sept. 16, 1800 
( M Dec. 16, 1890 


A Feb. 7, 1890 
M Mar. 18, iggo 


r 


A April 18, 1893 
M Dec. 20, 1893 


Electneal Engineer, Keller, Pike ( * ^ 

& Co., 112 N. i2th St., PhiIadel-4 ^ ^^^91 

phia. Pa. J M Oct. 25, 189a 



MEMBEBS. 


747 


Name. 

Porter, Joseph F. 


Address. 

(C. E.) President and Managing 
Engineer, Alton Railway, Gas and 
Electric Co.. Alton, Ill. 


Date of Membership. 

A Sept. 6, 1887 
M Nov. I, 1887 


Potter, Wm. Bancroft, Engineer Railway Dept., General (A Jan. 22, 1896 
Electric Co., Schenectady, N. Y. | M Mar. 25, 1896 

Pratt, Robert J. Electrician, Honolulu Iron Works, (A July 12, 1887 

lionolulu, "H. I. (M Sept. 6, 1887 


Puffer, Wm. L. 


Assistant Professor of Electrical f 

Engineering, Mass. Institute of J A Dec. 20, 1893 
Technology, Boston; residence, j M April 17, 1895 
West Newton, Mass. L 


Rae, Frank B. 


Consulting Electrical and Mechan¬ 
ical Engineer, 45 Broadway, 
New York City. 


A April 15, 1884 
M Oct. 25, 1892 


Reber, Samuel 


Lieut. Col. Signal Corps, U. S., 
Governor’s Island, New York 
City. 


A Sept. 20, 1893 
M Jan. 22, 1896 


Reckenzaun, Frederick, Electrical Engineer, 44 Pine St., j A Mar. 6, 1888 
New York City. ( M June 5, 1888 


Redman, Geo. A. 


General Supt., Electric Dept., Brush f 
Elec.Light Co.,and Rochester Gas | 
and Elec. Co., 82 Andrews St.;^ 
residence, 30 Park Ave., Roches- ! 
ter, N. Y. I 


A Feb. 27, 1895 
M May 17, 1898 


Reid, Thorburn 
Reist, Henry G 


Reno, C. Stowe 


Rice, Calvin Winsor 


Consulting Electrical Engineer, 136 (A Oct. 21, 1890 
Liberty St., New York City. (M June 24, 1898 


Designing Engineer, General Elec¬ 
tric Co., 5 South Church St., 
Schenectady, N. Y. 


A June 17, 1890 
M Dec, 19, 1894 


Electrical Engineer, Triumph Elec¬ 
tric Co., 620 Baymiller Street, 

Cincinnati, Ohio. 

{Manager,') Electrical Engineer, 

Edison Electric Illuminating Co. 
of New York. Electrician. Con-J A Jan. 20, 1897 
solidated Telegraph and Elec -1 M April 28, 1897 
trical Subway Co., 57 Duane St., 

New York City. t 


) A Nov^ 23, 1898 
1 M July 18, 1809 


Rice, E. Wilbur, Jr. Technical Director, The General ( A Dec. 6, 1887 
Electric Co., Schenectady, N. Y. ( M Jan. 3, 1888 

Richardson, Robert E . Vice-President of Pierce, Richardson 
&Neiler, 1409 Manhattan Building 
residence, 88 E. 34th St, Chicago, 

Ill. General Manager, Kansas 
City, (Mo.) Electric Light Co. 


}■ A Sept. 19, 1894 
] M May 18, 1897 

I 


Ridley, A. E. Brooke Electrical Engineer and Contractor, (A Nov. 21, 1894 
Parrot B’ldg. San Francisco, Cal. (M Nov. 23, 1898 


Ries, Elias E. 


( 16 ) 


Electrical Engineer and Inventor, f 
1242 New York Life Insurance! A July 12, 1887 
Bldg. ; residence, 4 W. iisth St., j M Sept. 6, 1887 
New York City. [ 
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MEMBERS 


Name. 

Riker, Andrew L. 

[Life Member.] 

Robb, Russell 
Robb, Wm. Lispenard 

Roberts, E. P. 

Rodgers, Howard S. 

Rohrer, Albert L. 

Roller, John E. 

Rosa, Edward B. 

Ross, Norman N. 

Ross, Robert A. 

Rouquette, William F. 

[Life Member.] 
Ryan, Harris, J. 

Sachs, Joseph 


Address- 


Date of Membership. 


Electrical Engineer, The Riker Elec¬ 
tric Vehicle Co, Elizabethport, 
N. J. 

With Stone & Webster, 93 Federal 
Street, Boston, Mass. 

Professor of Physics, Trinity Col¬ 
lege, and 118 Vernon St., Hart¬ 
ford, Conn. 

E. P. Roberts & Co,, Consulting 
Engineers, Electric Building, Tel¬ 
ephone 2656; residence, 95 Cornell 
St,, Cleveland, O. 

Electrical Engineer, care General 
Electric Co., 420 W. 4th Street, 
Cincinnati, O.; residence, 190 E/ 
2d St., Covington, Ky. 

Electrical Supt. Schenectady Works 
General Electric Co.; residence, 
20 Union St., Schenectady, N. Y. 


J A 

Nov, 

I, 1887 

1 M 

Dec. 

18, 1895 


Oct. 

18, 1893 

1 M 

May 

21, 1895 

i A 

Dec. 

16, 1891 

1 M 

Mar. 

15, 1892 


Jan. 

6, 1885 

1 M 

Feb. 

3 , 1885 


Sept. 

27, 1892 

M 

May 

16, 1893 


Nov. 

I, 1887 

1 M 

May- 

I, 1888 


Lieut. Commander U. S. N., Navy j 
Department, Washington, D. C. ( 

Professor of Physics. Wesleyan Uni- j 
versity, Middletown, Conn. j 

Electrical Engineer, c/o General ( 
Post Office, Boston, Mass, j 

Mechanical and Electrical Consul- ( 
ting Engineer, 17 St. John St., < 
Montreal, P. Q. ( 

B. Proprietor, Rouquette & Co.,j 
47 Dey St., New York City. 

Professor of Electrical Engineering, 1 

^ Cornell University; residence, k 
C ascadilla Place, Ithaca, N. Y. ( 

Electrical Engineer, The Johns- ( 
Pratt Company ; residence, 220 ■! 
Collins St., Hartford Conn. / 


A Sepr. IQ, 1894 
M May 19, 1896 

A Feb. 17, 1897 
M May 18, 1897 

A Sept. 20, 1893 
M Nov. 21, 1894 

A Sept. 27, 1892 
M April 18, 1893 

A Mar. 2X, 1894 
M Dec. 19, 1894 

A Oct. 4, 1887 
M April 17, 1895 

A Mar. 15, 1892 
M Dec. 15, 1897 


Salomons, David Lionel, Bart, M. A., Engineer and f 

[Life Member] Barrister, Broomhill, Tunbridge J A Feb. 7, 1888 

Weils, Kent, and 49 Grosvenor] M May i' 1888 
St., London, W. England. [ 


Sampson, F. D. 
Sands, H, S. 


Manager, Charlotte Electric Light j A Aug. 5, 1896 
and Power Co., Charlotte, N. C. ( M Oct. 27,’ 1897 


Consulting and Constructing Electri¬ 
cal Engineer, 1153 Market St., 
Wheeling, W. Va. 


A Feb. 21, 1893 
M Nov. 21. 1894 


Sargent, William D. 


Scheffler, Fred. A. 


( 18 ) 


Vice Prest. and General Manager, f 

J- J ^ April 15, 1884 

loughbySt.;residence, 82oUnion I M Feb. 21, 1804 
St., Brooklyn. N. Y. ' 

Manager, Water Tube Boiler Dept., 

James Beggs & Co , 9 Dey St.’ 

N. Y. City; residence, 33 Snow¬ 
den PL, Glen Ridge, N. J. 


J A May 16, 1893 
] M Jan. 26, 1896 
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Name. 

Schmid, Albert 


Address. Date of Membership. 

Directen General de la Societe In- f 
dustrielle d’Electricite precedes J A Oct. 2i, 1890 
Westinghouse, 45 rue de TArcadel M April 17. 1895 
Paris, France. I 


ScHOEN, A. M. Electrician, South Eastern Tariff 

Association, 339 Equitable Buil¬ 
ding, Atlanta, Ga. 

ScHWEDTMANN, FERDINAND General Sup’t Wagner Electric 
M’fg Co., 2017 Locust St, St. 
Louis, Mo. 

Scott, Charles F. Chief Electrician, Westinghouse 

Electric and Mfg. Co., Pittsburg, 
Pa. 


A Sept. 20, 1893 
M Dec. 16, 1896 


A Nov. 22, 1899 
M Nov. 23, 1900 


A April 19, 1892 
M Jan. 17, 1893 


Scott, James B. 


Consulting Electrical, and Mechani- f 

cal Engineer, 227 East German J A Aug. 5, 1896 
St.; residence, 847 Ducatel St,, ] M May 17, 1898 
Baltimore Md. L 


Sever, George Francis 


Shaw, Edwin C. 


{Manager Adj. Prof, of Electrical ( ^ jg 

Engineering.^ Columbia University,-j jg^g 

New York City. ( 

Mechanical Engineer, The B. F. jA May 17, 1892 
Goodrich Co., Akron, O. (M Feb. 27, 1895 


Shea, Daniel W. 


Professor of Physics, Catholic Uni- C ^ 20, 1893 

versity of America, Washington, | 20’, 1894 


Sheldon, Samuel, A. M., Ph,D. {Manager^ Professor of 
[Life Member.] Physics and Electrical Engineer¬ 

ing, Polytechnic Institute, 198^ 
Schermerhorn St., Brooklyn,N.Y. 


A Dec. 16, 1890 
M Oct 27, 1891 


Shepardson, George D. 


Sinclair, H. A. 


Smith, Frank E. 


Professor of Electrical Engineering, ( ^ April 21, 1891 
University of Minnesota, Minne--s 22,1896 

apolis, Minn. ( 

Electrical Engineer, The Tucker f 

Electric Co.,35 South William St., J A June 17, 1890 
New York; 950 Bedford Ave.'IMFeb. 26,1896 
Brooklyn, N. Y. L 

Consulting and Supervising Electri- f 

cal Engineer, 183 Jessie St.; resi- f A Sept 19, 1894 
dence, 418 Eugenia Ave., San ] M July 18, 1899 
Francisco, Cal. L 


Smith, Frank Stuart 


Manager, Sawyer-Man 
Allegheny, Pa. 


Electric Co. J A Sept. 27, 1892 
( M April 18, 1893 


Smith, Harold Babbitt Professor of Electrical Engineering, 
Worcester Polytechnic Institute; 
residence, 20 Trowbridge Road, 
Worcester, Mass. 


A Nov. 24, 1891 
M April 25, 1900 


Smith, Jesse M. 


Smith, T. Carpenter 


Expert in Patent Causes, Consulting f ^ 

Electrical and Mechanical Engi- 1 A April 15, 1884 
neer, 36 Moffat Block, Detroit,M June 26, 1891 
Mich., and 218 Broadway, New 
York City. I 

Member of Firm of M. R. Muckle, f 
Tr., & Co., 650 Drexel Bldg.; res-J A Oct, 27, 1891 
idence. The “Newport,” Phila-] M Dec. 16, 1891 
delphia, Pa. I 


(16) 
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MEMBERS, 


Name. 

Spaulding, Hollon C. 

Sperry, Elmer A. 
Sprague, Frank J. 

Springer, Frank W. 

Stanley, William 
Stearns, Charles K. E , 
Stearns, Joel W., Jr. 
Stebbins, Theodore 

Steinmetz, Charles P. 
Stephens, George 


Address. Date of Membership. 

Contracting Engineer, American f 
Stoker Co., 176 Federal Steet,] A April 21, 1891 
Boston: residence, 15 Park Vale, ) M June 20, 1894 
Brookline, Mass. L 


Electrical Engineer, 855 Case Ave., (A April 19, 1892 
Cleveland, O. | M Feb. 21, 1893 

(Past-President) Consulting Engi- f 

neer, Sprague Electric Co., 20 J A May 24, 1887 
Broad St.: residence. 305 West 1 M Feb. 17, i8q7 
80th St., New York City I 


Assistant Professor Electrical Engin¬ 
eering, University of Minn., 
Minneapolis, Minn 


A Nov. 23, igoo 
MApr. 26, igoi 


Electrical Engineer and Inventor, j A Dec. 6, 1887 

Great Barrington, Mass. ( M Oct. 26, 1898 

E. Q3 Federal St., and 85 Westland ( A Aug. 6, 1889 

Avenue, Boston, Mass. ( M May 16, 1893 


Treasurer. Mountain Electric Co., 
Box 1531, Denver, Col. 

Engineer of Committee on Local 
Companies, General Electric Co., 
Schenectady, N. Y. 


{ A June 20, 1894 
") M Nov. 20, 1895 

j A July 9, 1889 
^ M June 17, 1890 


(Mana^^er.) Electrician, General ( A Mar. 18, 1890 
Electric Co., Schenectady, N. Y. | M April 21, 1891 


Societe des Establissements Postel- 
Vinay, 219 Rue de Vangirad, 
Paris, France 


A J une 
M Dec. 


20, 1894 
18, 1895 


Stevens, J. Franklin President Keystone Electrical In¬ 
strument Co., Qth St. and Mont¬ 
gomery Ave,; Philadelphia. Pa. 

Stewart, Robert Stuart Westinghouse Electric and Mfg., 
Co., 440 Jefferson Ave., Detroit’ 
Michigan. 


A Sept. 19, 1894 
M Feb. 28, 1901 


A Dec. 20, 1896 
M May 15, 1900 


Stieringer, Luther 
Stillwell, Lewis B. 


Electrical Expert, 129 Greenwich 
St., New York City. 


A June 
M Nov. 


8, 1887 
X, 1887 


(Vice-President.) Consulting Elec- f 
trical Engineer, Electrical Direc- I 
tor, Rapid Transit Subway Con--i 1892 

struction Co., Park Row Bldg- ^ ^5, 1892 

New York City. j 


Storrs, Prof. H. A. 


Stott, Henry G. 
Strong, Frederick G. 
Taintor, Giles 


(iS) 


U.S Assistant Engineer. Post Office ( . 

Bidg.: residence, 45 William St., \ ^ 1893 

New London, Ct. ) M Jan. 24, 1900 


Supt. Motive Power, Manhattan 
Railway Co., New York. 


A Sept. 25, 1895 
M April 22, i8q6 


Box, 959, Hartford, Conn, 

^ Way Department, 

New England Telephone and Tel¬ 
egraph Co., 125 Milk St.; resi¬ 
dence, 34^4 Shepard St., Cam¬ 
bridge, Boston, Mass. 


A Oct. 27, 1891 
M July 18, 1899 


A June 26, 1891 
M Dec. 16, 1891 
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Name. 

Terry, Charles A. 


Address. 


Date of Membership. 


Lawyer, Westinghouse Electric and 
Mfg. Co., 120 Broadway, New 
York City. 


A April 5, 1887 
M May 17, X887 


Theberath, Theodore E, Supt. Yuba Division, BayCoun-j A Mar. 23, 1898 
ties Power Co , IMarysville, Cal. ( M June 24, 1898 

Thomas Benjamin F., Professor of Physics, Ohio State j A June 7> 1892 
University, Columbus, 0 . ( M Nov. 15, 1892 


Thomson, Elihu (^Past Preside 7 ii), Electrician, Gen¬ 

eral Electric, and Thomson Elec¬ 
tric Welding Companies, Lynn,^ 
residence, 22 Monument Ave., 
Swampscott, Mass. L 


Thompson, Edward P. 


Thresher, Alfred A. 


Solicitor of Patents, and Expert, f 
156 Fifth Ave., cor. 20th Street, I 
residence, i Gramercy Park, New^ 
York City. L 

Electrical Engineer and Proprietor j 
Thresher Electric Co., Dayton, O. \ 


Thurnauer, Ernst Manager, Thomson-Houston In¬ 
ternational Elec. Co., 27 Rue de 
Londres, Paris, France. 


Tischendoerfer, F. W. Chief Electrical Engineer, Union 
Elektricitats Gesellschaft, Berlin, 
Germany. 


A April 15, 1884 
M April 21, 1891 


A April 15, 1884 
M Dec. 3, 1889 


A April 22, i8g6 
M June 24, 1898 

A Oct. 14, 1887 
M Dec. 6, 1887 


A April 19, i 8'92 
M Nov. 21, 1894 


Trafford, Edward W. Electrical Engineer, Richmond Rail- (^ 21, 1894 

way and Electric Co., Foot of 7th *< jyj- 
St., Richmond, Va. ( 


Uebelacker, Chas. F. General Manager, The Elmira ( ^ 

Municipal Improvement Co., LI- i jg^^ 

mira, N. Y. ( * ’ 


Uhlenhaut, Fritz, Jr. 


Upton, Francis R 


Whitestone, L. I. 


Edison Laboratory; residence, 
High St., Orange, N. J. 


jA May 7 > 1889 
I M Dec. 19, 1894 

20 j A May 17, 1887 
I M Mar. 15, 1892 


Vansize, William B. 

[Life Member.] 


Solicitor of Patents, Expert in Pa- f 
tent Cases, 253 Broadway, New) 
York City; residence, 210 Lincoln | 
Road, Flatbush, Brooklyn, N. Y. L 


A April 15, 1884 
M Oct, 21, 1884 


Van Trump, C. Reginald Engineer and Manner, Wilming¬ 
ton City Electric Co., Wilming- 
tnn Del. 


jAFeb. 5.1886 
1 M Feb. 21, 1894 


Varley, Richard Jr. President, the Varley Duplex Mag-( ^ ^ gg jgoo 
YARLEv, iMc J Jersey 28,1901 

City ; residence, Phillipsdale, R.I. ( 

WADDELL, Montgomery 1’, fsfs 

(i6) 
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MEMBBR8. 


Name. 

Wait, Henry H. 


Waldo, Leonard 


Address. 

Assistant Electrical Engineer, West¬ 
ern Electric Co , residence, 4919 
Madison Ave., Chicago, Ill. 

Electrical Engineer, Room 1514, 
71 Broadway, New York; resi¬ 
dence, 520 Stelle Ave., I’lainfield, 

N. J. 


Walker, Sydney F. Consulting Electrical Engineer, 2 
Kensington Gardens Square, Lon¬ 
don W., Eng. 

Wall, Louis James Benard Full Partner, Splatt, Wall & 
Co., Perth, Western Australia. 


Waring, John 


31 Russ St., Hartford, Conn. 


Warner, Ernest P. Electrical Engineer, Western Elec¬ 
tric Co.; residence, 402 Belden 
Ave., Chicago, Ill. 

Waterman, F. N. Mechanical and Electrical Engineer, 

150 Nassau St., New York City. 


Date of Membership 

j A Sept. 20, 1893 
1 M June 20, 1894 

J A June 5, 1888 
1 M Dec. 4, 1888 

j A June 2, 1885 
“j M May 17, 1887 

j A July 26, 1900 
( M’Nov. 23, 1900 

j A Dec. 16, 1890 
( M April 17, 1895 

j A Sept. 20, 1893 
1 M June 20, 1894 

j A Feb. 21, 1893 
] M June 20, 1894 


Weaver, W. D. 


Webb, Herbert Laws 
Weeks, Edwin R. 


{Manasfer.) Editor Electrical World, 
and Engineer ; residence, Engle¬ 
wood, N. J. 


A May 17, 1887 
M May 17, 1887 


18 Cortlandt St.; residence, 253 j A Oct. 21,1890 
West 42d St., New York City, j M Dec. 16, 1890 


Consulting Electrical Engineer, 608 
New Nelson Bldg., Kansas City, 
Mo. 


A Sept. 6, 1887 
M Nov. I, 1887 


Weller, Harry W. 
Weston, Edward 


Electrical Engineer. 202 St. James (A Oct. 21, 1890 
St., Montreal, P. Q. (M Nov. 24, 1891 

{Past President.) Vice-President, f 
Weston Electrical Instrument] A April 15, 1884 
Co, 120 William St., and 645] M Oct. 21, 1884 
High St., Newark, N. J. [ 


Wetzler, Joseph President, The Electrical Engi- f 

neer Institute of Correspondence! A April 15, 1884 
Instruction, 240 W. 23d St.; resi -1 M Dec. 9, 1884 
dence, 257W.To4th St., N.Y.City, l 

Wharton, Chas. J. Palace Chambers, Westminster, (A Jan. 3, 1888 
London, Eng, (M May i, 1888 


Wheeler, Schuyler 

[Life Member.] 


Skaats, Sc.D, President, Crocker- 
, Wheeler Co., 39 Cortlandt 
St., N. Y., and Ampere, N. J.; 
residence, 4 West 33d St., New 
York City. 


A June 
M Sept. 


2, 1885 
I, 1885 


White, James Gilbert 


J. G. White & Co,, Electrical Engi¬ 
neers and Contractors, 29 Broad¬ 
way, New York City. 


A April 2, 1889 
M May 15, 1900 


White, Will F. 


Electrical Engineer, General Mana¬ 
ger The Cincinnati Edison Elec¬ 
tric Co.,220 W.8th St., Cincin.O. 


A Feb. 7, 1890 
M July 27, 1898 


White-Fraser, Geo. 

(r8) 


Mem. Can. Soc. C. E.\ 18 Imperial j A Sept. 22, 1891 
‘Loan Building, Toronto, Ont. { M Dec. 18, 1895 
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Name. 

Wiener, Alfred E. 

Wilcox, Norman T. 
Willis, Edward J. 

WiLLYOUNG, Elmer G. 

Wilson, Charles H. 

Wilson, Fremont 

Wilson, Harry C. 
Winchester, A. E. 


Address. 


Date of Membership. 


Chief Instructor, The Electrical En¬ 
gineer Institute, 240 W. 23d St., 
NewYork. 


A May 16, 1893 
M May 15, 1894 


SupT Colorado Electric Power Co., j A May 21, 1895 
Canon City, Col. ‘ ^ Jan. 22, 1896 


President, Richmond Electric Co., 
211 E Franklin St., Richmond, 


Va. 


A Nov. 30, 1897 
M Feb. 28, 1900 


E. G. Willyoung & Co., Electrical 
and Scientific Instruments, ii 
Frankfort St., New York City. 

General Manager, Southern Bell 
Telephone and Telegraph Co., 26 
Cortlandt St., New York City. 

Consulting Engineer, 66 Maiden 
Lane (Telephone, 1651 Cortlandt) 
New York City: residence, 10 
Hamilton Ave., Yonkers, N. Y. 


) A Nov. 24, 1891 
1 M Dec. 20, 1893 

j A Nov. 24. 1891 
1 M Feb. 16, £892 

I A Mar. 6, 1888 
1 M June 5, 1888 


Supt. of P. O. Telegraph with the j ^ ^3 

Government, Kingston, Jamaica, i 
West Indies. ( /» v 


Electrical Commissioner and Gen- f 
eral Supt., City of South Norwalk 
Electric Works, also Consulting , A June 8, 1887 
Engineer for Municipalities; res- M Nov. i, 1887 
idence, 4 Gerard Place, South 1 
Norwalk, Conn. 


Winslow, George Herbert Consulting Electrical Engineer, ( A April 17, 1895 
339 Fifth Ave., Pittsburg, Pa. ( M Feb. 26, 1896 

Wolcott, Townsend Electrician; residence. 329 Clinton (A Mar. 6, 1888 
St., Brooklyn, N. Y. (M Dec. 16, 1890 

WoLVERTON, B. C. Engineer, N. Y. & Pa. Telephone (A Mar. x8, 1890 

and Telegraph Co., Elmira, N. Y. ( M Feb. 21, 1895 

WORDINGHAM, Chas. FI. City Electrical Engineer, The Man- f 

Chester Corporation Electric Light J A July 27, 1898 
Station, 19 Brasenose St., Man -1 M Oct, 26, 1898 
Chester, England. L 

WOTTON, Tames A. Manager Wotton Electric and M’fg. ( A Oct. 27,1897 

Co. Box 543, Atlanta, Ga. ] M Feb. 28, 1901 

Wright, Peter President, Virginia Electric Com- {A May 16,1889 

pany, Norfolk, Va. (M Jan. 16, 1895 

WURTs, Alexander Jay Westinghouse Electric Sc Mfg. Co., j A April 19, 1892 
Allegheny, Pa. ( M Nov. 15, 1892 

Young, C. Griffith Engineer Construction, J. G. White ( A Jan.^ 3, 1889 
Sc Co., 29 Broadway, New York. ( M April21, 1891 

Young, Walter Douglas Electrical Engineer B. & O. R. R*, ) A Apr, 26, 1899 
Roland Park, Baltimore, Md. ) M Jan. 24, 1900 


(17) 
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ASBOOIATB 


ASSOCIATE MEMBERS. 


Name. Address. Date of Election. 

Abbott, Henry President, Calculagraph Co., 9 Maiden 

Lane, N. Y,; residence, 32 So. 

Clinton St. , East Orange, N. J. Apr. 28, 1897 
Abella, Juan Consulting Engineer, Buenos Aires 

and Belgrano Tramways Co., 766 
Calle Bolivar; residence, 691 Calle 
Bolivar, Buenos Aires, Argentine 

Aug.* 5, 1896- 

Adams, Comfort A., Jr. Assistant Professor of Electrical Engi¬ 
neering, Harvard University, 13 
Farrar St., Cambridge, Mass. Jan, 17, 1894 

Adams, Ernest Kempton, E.E.A.M, Electrical Engineer, 455 

Madison Ave., New York City. July 27, 1898 
Adams, Frank Pierce Electrician, Stockton Gas & Electric 
Co., residence, 329 E. Channel St., 

Stockton, Cal. Feb. 15, 1899. 

Adams, Julius Le Roy Chief Engineer, Hartford, Manchester 
& Rockville Tramway Co., Man- 
Chester, Conn. Feb. 15, 1899 

Adamson, Daniel Manager Joseph Adamson & Co., 

Hyde, Cheshire, England. . Feb. 26 1896 

Adler, Alphonse A. F. J. & A. A. Adler, Electrical Engi- 
neers and Contractors, 123 Lib¬ 
erty St.; residence, 237 Eldridge 
St., New York City. July 12, noo* 

Agnew, Cornelius R. 18 William St.; residence, 23 West 

39th St., New York City. Mar. 21, 1894 

Albin, Henry Allison General Manager and Electrical Engi¬ 
neer, Concord Street Railway, Con¬ 
cord, N. H Mar. 22 iqoi 

Alexander, Harry Electrical Engineer, General Manager 
arid Vice Prest. Alexander-Chamber- 
lain Electric Co., 25 West 33rd St., 
and 18 and 20 W. 34th St., Tele- 

. ^ 3767 - 38 th, New York City. April 21, 1891 

Allan, John Full Partner, H. H. Kingsbury & Co. 

. , 54 Margaret St., Sydney, N. S. W.’ Dec, 28. 1808^ 

llen, Albert P. General Inspector, American Tel. & 

Tel. Co., 15 Dey St.; residence, 44 

A ■ York City. July 26 lOoo- 

llen, Wyatt H. Assistant Engineer, Benjamin, Hunt 
& Meredith, 331 Pine St., San 
rrancisco, Cal. a nr 

Allen, Walter Cummings, Electrical Engineer of the Govern- ’ ’ ^ 

ment of District of Columbia, Dis- 
^ct Building, residence, Victoria 
Flats, V^ashington, D. C. Tune 2 a tRaJI 

Ambler, William Student at Cornell University; resi- ’ ’ 

deuce, 76 Lincoln Ave., Cleveland 
Ohio. 1" 1 

Anderson, Dodglas Smith Professor of Electricity and Elec- ^ 
trical Engineering, University of 
rr Mississippi, Univcrsity, Miss. Anr 26 iqat 

Anderson, Henrv S. General Manager and' Electrician, " ’ ' 

Spring- 

(18) ® Jan. i6, iSgt 


Adams, Frank Pierce 


Adams, Julius Le Roy 


Adamson, Daniel 
Adler, Alphonse A. 


Agnew, Cornelius R. 
Albin, Henry Allison 


Alexander, Harry 


Allan, John 
Allen, Albert P. 


Allen, Wyatt H. 


Apr. 28, 1897 


Aug.* 5, 1896- 


Jan, 17, 1894 
July 27, 1898 


Feb. 15, 1899. 


P’eb. 15, 1899 
Feb. 26, 1896 


July 12, It 00' 
Mar. 21, 1894 


Mar. 22, igoi 


April 21, 1891 
Dec, 28, 1898" 


July 26, igoo- 


Apr. 27, 1898 


June 24, li 


July X2, 1900 


Apr. 26, 1901. 
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Name. Address. Date of Election 

Andrews, William, C. Electrical World and Engineer, 120 
Liberty St., New York, residence, 

Hotel Marg-aret, Brooklyn, N. Y. May 21, 1895 

Appleyard, Arthur E. President, Natick Gas and Electric 

Co., Natick, Mass. Aug. 5, 1896 

Archbold, Wm. K. University Building, Syracuse, N. Y. June 20, 1894 

Archibald, Ernest M. Crocker-Wheeler Co., Ampere, N. J. May 15, 1900 

Archer, Geo. F. Electrical Engineer 284 Marlboro 

St., Boston, Mass. Nov. 21, 1894 

Armstrong, Albert H. Electrical Engineer, General Electric 

Co., Schenectady, N. Y. June 24, 1898 

Ashley, Frank M. Consulting Engineer, 95 Liberty St.; 

residence, 55 Patchen Ave., Brook¬ 
lyn, N. Y. Nov. 21, 1894 

Atkins, Harold B. Assistant to H de B. Parsons, Con¬ 
sulting Engineer, 22 William St., 

New York City. June 23, 1897 

Atwood, George F. The Atwood Power and Speed Gage 
Company, 95 Liberty St, New York 
City : residence, 1215 Washington 
St., Hoboken, N. J. Sept 16, 1890 

Auel, Carl B. Engineer. British Westinghouse Elec. ^ 

& MT'g Co., Amber Club, East End, 

Pittsburg, Pa. July 26, 1900' 

Austin, Sydney B. Consulting Engineer, 3912 Fifth Ave., 

Pittsburg, Pa. Sept. 25, 1895 

Aylmer-Small, C. Sidney Assistant, Electrical Engineering 
Department, Columbia University, 

New York; residence, 52 Franklin 

Avenhe, Passaic, N. J. Oct. 24, 1900 

Babson, Arthur C. Instructor in Electrical Engineering, 

University of California, (in charge 
Senior Laboratory), Mechanics 
Building, Berkeley, Cala. Mar. 28, igoo 

Badeau, Isaac F. General Electric Co”; residence, 144 

Lafayette St., Schenectady, N. Y. Feb. 26, 1896 

Baker, Arthur O. Superintendent, Wichita Gas, Electric 
Light and Power Co.; Box 574, 

Wichita, Kansas. July 26, * 1900 

Balcome, Herbert A. With The B. F. Sturtevant Co., 

Jamaica Plain Station, Mass. Oct. 27, 1897 

Baldwin, Alfred De V. Selling Agent, Crocker-Wheeler Elec¬ 
tric Co ,«,P. O. Box, 267 ; residence, 

206 W. 81 St., New York. Aug. 13, 1897 

Baldwin,George Porter Sales Agent, John Martin & Co., 507 

Pioneer Building, Seattle, Wash. Nov. 23, 1900 

Baldwin, Jas. C. 'T. Chestnut Hill Ave., Brighton, Mass. April 17, 189S 

Ball, Wm. D. Consulting Engineer, 614 Rookery 

Bldg, Chicago, Ill. Nov. 20, 1895, 

Ballou, Warren James Electrician, Woonsocket Elec. Mach¬ 
ine & Power Co., Station No. 2, 

Woonsocket, R I. Nov. 23, 1900 


(21) 
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ASSOCIATE MEMBERS 


Name. 

Address. 

Date of Election. 

Balsley, Abe 

Electrician, Terre Haute Electric Co., 
No. 118 9th Street, Terre Haute, 
Ind. 

Oct. 

27. 1897 

Bancroft, Chas. F. 

Electrical Engineer, Massachussetts 
Electric Companies, 14 Kilby St., 
Boston, Mass. 

Dec. 

18, 1891 

Bangs, Chas. R. 

Special Agent, American Telephone 
and Telegraph Co., 15 Dey .St., 
New York. 

Jan. 

26, 189S 

Banks, William C. 

Electrician, Gordon Battery Co., New 
York City. 

May 

18, 1897 

Barnes, Chas. R. 

City Electrician and Electrical Expert 
to State R. R. Commission, Roch¬ 
ester, N. Y. 

Aug. 13, 1897 

Barnes, Edward A. 

Electrical Expert, Fort Wayne Elec¬ 
tric Co., Fort Wayne, Ind. 

Sept. 

20, 1893 

Barnes, Howell Henry General Engineer, Mexican Electric 
Works Ltd. Apartado, 905, Mexico 
City. 

Feb. 

28, 1900 


Barnett, Carl P. 

Baron, Max D. 

Barr, Frank Adelbut 

Barr, John B. 

Barry, David 
Barton, Enos M. 

Barton, Philip Price 

Bates, Frederick C. 
Bates, Putnam A. 

Baugher, E. C. 

Baum, Frank George 
Bayley, Guy Lynfield 

Beaumont, Chas. W. 

(20) 


Draftsman and Engineer, with S. & S. 

Packing Co., 41st St. and Ashland 

Ave., Chicago. Jan. 25, 1901 


Outside Superintendent for Harry 
Alexander ; residence, 6r East 75th 
St., New York City. 

Manager and Electrician, Fries M’f’g. 
and Power Co., Winston-Salem, 

N. C. 

Electrical Engineer, General Electric 
Co., Schenectady, N. Y.; residence, 
234 Union Street. 

Electrician and Superintendent, Am¬ 
herst Gas Co., Amherst, Mass. 

President Western Electric Co., 
Clinton and Congress Sts., Chicago, 

Assistant Superintendent, The Niagara 
Falh Power Co., Niagara Falls, 

Electrical Engineer, General Electric 
Co., 44 Broad St., New York City. 

Assistant Secretary, Crocker-Wheeler 
Co., 39 Cortlandt St.; residence, 

1 13 W. 72d S^t., New York City. 

Evident Engineer, Westinghouse 
Tokata & 

Co., Tokio, Japan. 

Stanford University, Cal. 

Assistant Manager Engineering De¬ 
partment, The American Trading 
Co., No. 28 Yokohama, Japan. 
Assistant wdth Frank B. Rae,45 Broad- 
way; residence, 275 W. 127th St., 
New York City. 


Mar. 28, 1900 

Jan. 9, 1901 

April 25, 1900 
Aug, 5, 1896 

July 12, 1887 

July 12, 1900 
Jan. 20, 1891 

Jan. 20, 1897 

Nov. 22, 1899 
Nov. 22, 1899 

Peb. 28, 1901 

Jan. 9, 1901 
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Name. Address. Date of Election 

Beebe, Murray C. Geo. Westinghouse, Exp. Dept.,Wes- 
tinghouse E. and Mfg. Co., Amber 
Club, Pittsburg Pa. Jan. ' 26, 1898 

Behrend, Bernhard A. In charge Alternating Current De¬ 
partment, Bullock Electric Mfg. Co. 

Norwood, O. Jan. 24, 1900 

Bell, Ora A. Electrical Engineer, Western Electric 

Co., 463 West St., New York; 
residence, 352 West 117th Street, 

New York. Aug. 5, i896' 

Bellman, John Jacob Electrical Engineer, Westinghouse, 

Church, Kerr & Co., 26 Cortlandt 
St.; residence, 90 King St., New 
York, N. Y. Dec. 28, 1898 

Bennett, Edwin H., Jr. Electrician and Engineer, Diehl & Co., 

Elizabethport, N. J., and 19 West 

33d St., Bayonne, N. J. June 20, 1894 

Bennett, John C, Electrician, General Electric Co., 44 

Broad St. ^New York City. Mar. 18, 1890 

Benoliel, Sol. D., B. S., E. E., A. M. Consulting Electrical En¬ 
gineer, Adelphi College, Brooklyn, 

N. Y. Oct. 21, 1896 

Bentley, Merton H. Superintendent, New Telephone Co., 

221 N. Scoville Ave., Oak Park, Ill. Oct. 18, 1893 

Berg, Ernst Julius Engineer, General Electric Co.; resi¬ 
dence, 243 Liberty St., Schenectady, 

N. Y. Sept. 19, 1894 

Berg, Eskil Electrical Engineer, Gen’l Electric 

Co,, Schenectady, N. Y. Nov. 20, 1895 

Bergenthal, Victor W. The Stanley Electric M’f’g. Co.; resi¬ 
dence, 74 Wendell Ave., Pitt'ifield, 

Mass. Jan. g, 1901 

Berliner, Emile Inventor, Columbia Road, between 

Fourteenth and Fifteenth Sts., 

Washington, D. C. April 15, 1884 

Berresford, Arthur W., B. S.,M.E. Supt ,The Cutler-Ham¬ 
mer M’t’g. Co., I2th St. and St.Paul 
Ave., Milwaukee, Wis. May 15, 1894 


Best, A. T. Electrical Engineer, 703 Showers Ave., 

Harrisburg, Pa. 

Bethell, U. N. General Manager, The New York 

Telephone Co., 15 Dey St., New 
York City. 

Betts, Hobart D., E. E., Room 517. 141 Broadway, New York, 
N. Y.; residence, Englewood, N. J. 

Beveridge, Edmund Walter Assistant Engineer, P. W. _ D. 

Bunno via Sujawal, Karachi D. Sind. 
India. 

Biddle, James G. Electrical and Scientihc Instruments, 

Stephen Girard Bldg., Philadelphia, 
Pa.; residence, 417 West Price St., 
** Germantown, Pa. 


Bijur. 


Joseph, A. B., E. E, 210 Centre, St., Telephone, 3276 
ILife Member 1 “Spring;” residence, 3ro West Both 

St., New \ork City. 


(19) 


April 19, 1894 

Jan. X7, 1894 
Aug, 5, 1896 

Jan. 24, 1900 

Aug. 5» 1896 
May 15, 1894 
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AS80CIATB MEMBERS 


Name. Address. Date of Election* 

Black, Chas N. Ford, Bacon & Davis, 149 Broadway, 

New York; residence, 31 Boyken 

St., Morristown, N. J, April 19, 1890 

Black, Howard D. With Blackall & Baldwin, 39 Cortlandt 
St.; house, 340 Manhattan Ave., 

New York. N. Y. Sept. 15, 1897 

Blackall, Frederick, S. P. O. Box, 267; office, 39 Cortlandt 
St.; residence, 51 Manhattan Ave., 

New York. Sept. 15, 1897 

Blackwell, Francis 0 . Engineer, Power and Mining Dept., 

General Electric Company, Schenec¬ 
tady, N. Y. Mar. 28, 1900 

Blake, Henry W. Editor, Street Railway Journal, 120 

Liberty St., New York City. Nov. 13, i888 

Blake, Theodore W. Electrical Engineer, 410 Bleecker St., 
residence, Engineers Club, 374 5th 
Ave., New York, N. Y. , Sept. 20, 1893 

Blakemore, Maurice Neville Electrical Engineer, with Wes- 
tinghouse E. & M. Co., Pittsburg; 
residence, 306 The Colonial Bldg., 

Wilkinsbtirg, Pa. Jan. 25, 1901 

Blanchard, Charles M. Union League, Philadelphia, Pa. Sept. 19,1894 

Bliss, Louis Denton Principal Bliss Electrical School, 614 

I2th Street, Washington, D. C. July 12, 1900 

Bliss, William L., B. S,, M. M, E, Electrical Engineer, 128 
Front St., New York City; residence, 

505 Throop Ave., Brooklyn, N. Y. Mar. 21, 1894 

Blizard, Charles Manager Sales Department Electric 
Storage Battery Co., 19th St., and 
Allegheny Ave., Philadelphia; resi¬ 
dence, 409 West Price St., German¬ 
town, Pa. Nov. 21, 1894 


Blunt, Willam W. Engineer, Westinghouse Electric and 
M’f’g Co., Ltd., Westinghouse 
B’ld'g, Norfolk St., Strand, W. C., 
London, Eng. 

Bogen, Louis E. Instructor in Physics, University of 

Cincinnati ; residence, 547 Hale 
Ave., Avondale, Cincinnati 0 . 

Bogue, Charles J. Manufacturer and Dealer in Electrical 
Supplies, 206 Centre St., N.Y. City. 

Bohm, Ludwig K., Ph.D., Consulting Electrical and Chemical 
Expert, 320 Broadway, N. Y. City. 

Bolan, Thomas V. Local Engineer, General Electric Co., 
214 S. nth St.; residence, 708 N. 
40th St., Philadelphia, Pa. 

Bonynge, Paul Attorney and Counsellor-at-Law firm 

^ of Latson & Bonynge, 141 Broad¬ 

way, New York, residence, 261 
Quincy Street, Brooklyn, N. Y. 

Bowie, Augustus Jesse, Jr. Draughtsman, Bakersfield, Cal. 

Bowman, Joseph IL Care Interoceanic Railway Co., San 
Lazero Station, City of Mexico, 
Mexico, 

(19) 


Dec. 16, 1896 

May 16. 1899 
Dec. 3, 1889 
Nov. 15, 1892 

5. 1896 

May 16, 1899 
May 15, 1900 

May i6, i 8 gg 
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Name. 

Address. 

Boyd, John Duncan 

Electrician, Yuba Electric Power Co., 
Marysville, Gala. 

Boyles, Thomas D. 

Electrical Engineer, General Electric 
Co.; residence, 406 Union St., 
Schenectady, N. Y. 

Brackett, Byron B. 

With Rowland Telegraphic Co., 916 
McCulloh St., Baltimore, Md. 

Brackett, Prof. Cyrus F. Princeton, N. J. 

Braddell, Alfred E. 

Electrical Inspector, Underwriters’ 
Association, Middle Department, 
316 Walnut St., residence, 7435 
Boyer St., Mt. Airy, Philadelphia, 
Pa. 

Brady, Paul T. 

Manager, Central N. Y. Agency, West- 
inghouse Electric and Mfg. Co., 
Syracuse, N. Y. 

Bragg, Charles A. 

Manager Phila. Agency, Westing- 
house Electric and Mfg. Co., 708 
Land Title Building, residence, 3420 
Powelton, Ave., Philadelphia, Pa. 

Brayshaw, I. 

Telegraph Inspector Great Southern 
Railway, City of Buenos, Aires. 

Brewster, Walter Scott Electrician, Standard Underground 
Cable Co., 26 Washington St., 
Perth Ambcy, N. J. 

Brixey, W. R. 

Proprietor and Manufacturer, Day’s 
Kerite Wire and Cables, 203 Broad¬ 
way, New York City. 

Broich, Joseph 

Superintendent and Electrician, with 
F. Pearce, New York City; resi¬ 
dence, 1622 8th Ave.J Brooklyn,N.Y. 

Broili Frank 

Electrical Engineer, California Elec. 
Works ;residence, 154 Hickory Ave., 
San Francisco, Cal. 

Brophy, William 

17 Egleston St., Jamaica Plain, Mass. 

Browd, Paul K. 

Chief Engineer, The Russian Electric 
Company, “Union.” Box 188, Kiev., 
Russia. 

Brown, Chas. L, 

Gen’l Manager and Sec’y, Chicago 
Mutoscope Co., 1211 Monadnock 
Block, Chicago, III, 

'Brown, Ellis Eugene 

Electrical Engineer, Philadelphia and 
Reading Railway Co., 7th and 
Franklin Streets, Reading, Pa. 

Brown, Hugh Thomas 

Mechanical and Electrical P'ngineer, 
with General Electric Co., Box 47, 
Richmond, Va. 

Brown, Warren Day 

Electrical Engineer, The Auto-Electric 
Co., 61 Elm St.; residence, 103 E. 
39th St , New York City, 


Browne, Wm. Hand, Jr. Asst. Professor of Electrical Engin¬ 
eering’, The University of Illinois, 
Urbana, Ill. 


'(19) 


Date of Election 
Feb. 28, 1900 

Mar. 20, 1895 

Nov. 30, 1897 
April 15, 1889 

Sept. I, 1890 
July 12, 1887 

Sept. 20, 1893 
Aug. 5, 1896 

Apr. 26, 1901 

Sept. 20, 1893 

Jan. 17, 1894 

Feb. 23, 1898 
Mar. 5, 1889 

Feb. 15, 1899 

Nov. 20, 1895 

May 16, 1899 

Jan. 26, 1898 

Jan. 25, igoi 

April 25, 1900 
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Name. 


Address. 


Date of Electloa,. 


Bunce, Theodore D. 


Bryan, Richard R. Consulting and Contracting Mechani¬ 
cal and Electrical Engineer, 1018 
Prudential Building, Atlanta, Ga. 

Buckingham, Chas. L. Patent Attorney, Western Union Tele¬ 
graph Co., 195 Broadway, P. O. 
Box 856, New York City. 

Bull, Roeert Wilson Electrical Engineer, The New Jersey 
Zinc Co., (of Penn.,) Palmerton, Pa. 
President, The Storage Battery Supply 
Co., 239 E. 27th St., New York City. 

Burdick, Irving Edward, Treasurer and Engineer, Naval 
Electric Co., 95 Liberty St.; resi¬ 
dence, 146 West 104 St., New York. 

Burke, James Klopstack Strasse, 15; Berlin, 

Germany. 

Burkett, Chas. Watson General Inspector, Southern Bell Tel. 

& Tel, Co., Atlanta, Ga. 

Burnett, Douglass, B.S. Edison Illuminating Co., Inspection 
Dept., 55 Duane St., New York 
City; residence, 42 Livingston St., 
Brooklyn, N. Y. 

Burnett, James Aubrey Draftsman and Designer,Royal Elec¬ 
tric Co., 94 Queen St.; residence, 
19 Shuter Street. Montreal. 

Burroughs, Harris S. Electrical and Mechanical Engineer, 
Ballanytne & Evans, 20 Nassau St., 
New York; residence, 1416 Pacific 
St., Brooklyn, N. Y, 


Burt, Byron T. 


Supt. Chattanooga Light & Power Co., 
Chattanooga, Tenn. 


May 15, 1900 

April 15, 1884 
Mar. 22, 1901 
May 20, 1890 

Oct. 24, 1900 
May 16, 1893 
Aug. 23, 1899 

Feb. 21, 1895 
Apr. 26, 1901 

Nov. 30, 1897 
Sept. 25, 1895 


Burton, Paul G. 

Butler, William C. 
Buys, Albert 
Byrns, Robert A. 

Cabot, Francis Elliott 


Switchboard Dep’t. Western Elec¬ 
tric Co.; residence, 475 Central 
Park, West, New York City. 

President, The Puget Sound Reduction 
Co., Everett, Washington. 

Electrical Engineer, The Rahway 
Electric Co., Pitman Grove, N. J. 

Sales Manager, Metropolitan District, 
United Telpherage Co., 20 Broad 
Street, New York City. 

Supt. of Inspection and Electrician, 
Boston Board of Fire Underwriters, 
55 Kilby Street Boston ; residence. 
East Milton, Mass. 


Caldwell, Edward President Trade Paper Advertising 
Co., 150 Nassau St., New York City; 
residence, 50 Westervelt Ave., Plain- 
field, N. J. 


Caldwell, Francis Cary Professor of Electrical Engineering, 
Ohio State University, residence, 
401 W. 6th Ave., Columbus, O. 

Campbell, HEx'iry Arthur Electrician, Jamaica Electric Light 
& Power Co., Ltd., 38 Harbor St., 
Kingston, Jamaica. 


Canfield, Milton C. 
(20) 


Electrical Engineer, 48 Greymont St 
Cleveland, O. 


Nov. 20, 1895 
Mar. 21, 1893 
Feb. 7, 1890 

Dec. 16, 1896 

April 17, 1895 

Jan. 20, 1891 

June 20, 1894 

Sep. 27, 1899 
Feb. 21, 1893 
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Name. 

Canfield, Myron E, 
Capuccio, Mario 


Carnaghan, E. D. 
Carpenter, Chas. E. 


Address. 

Western Electric Co.; residence, 404 
W. 44th St. New York City. 
Raimondo & Capuccio, Consulting 
Engineers and Patent Agents, Piazza 
Statute 15, Turin, Italy. 

In charge of machinery with Cipriano 
Guerrero Durango, Do. Mexico. 
Vice-President, Carpenter Enamel 
Rheostat Co., Bronxville, N. Y. 


Carter, Frederick William M. A., With General Electric 
Co., Schenectady, N. Y 

Carty, John J. {Manager.) Chief Engineer, New 

York Telephone Co., 15 Dey St., 
New York City; residence, Short 
Hills. N. J. 

Case, Willard E. iq6 West Genesee St., Auburn, N. Y. 

Cassidy, John Superintendent Mutual Telephone Co., 

Honolulu, Hawaiian Islands,U.S. A. 


Chapman, A. Wright 
Chappell, Walter E. 

[Life Member.] 

Cheney, Frederick A. 


160 Hicks St., Brooklyn, N. Y. 
Electrician, on U. S. S. Chicago, U. S. 
Navy, Washington, D.C.; residence, 
Barnesville, O. 

Box 188, St. Catharines, Ont. 

Cpiild, Charles Tripler Technical Editor, A‘/^r/nV^z/ Review, 
New York City. 

Childs, Sumner W. New York City. 

Clark, Chas. Clark & MacMullen, 42 E. 23d St., 

New York City. 

Clark, Farley Granger Electrician in charge 96th St. Power 
Station, Metropolitan St. Ry. Co., 
96th St. and 1st Ave.; residence,454 
Manhattan Ave,, New York City. 
Electrical Engineer of the Safety Insu¬ 
lated Wire and Cable Co., 229 West 
28th St., residence, 208 West 85th 
St., New York City. 

General Manager, Foreign Dept. Gen¬ 
eral Electric Co., 44 Broad Street, 
New York City. 

Partner Clark & Mills, Engineers and 
Contractors, <^43 Boylston St., Bos¬ 
ton and 1400 Mass. Ave., Cam^ 
bridge; residence, 57 Brattle St., 
Cambridge, Mass. 

Patent Attorney and Electrical expert, 
Firm of Clement & Gharky, 1205-6 
Stephen Girard B’ld’g., Phila.,, Pa. 
Haywards Alraeda Co., Cal. 

Box 114, Manchester, N. H. 
Consulting Engineer, Associated with 
R. S. Hale, 31 Milk St.; residence, 
57 Marlborough St., Boston, Mass. 
Manager and Engineer, Grand Rapids 
Electric Co., 9 South Division St., 
Grand Rapids. Mich. 

General Electric Co., 180 Summer 
St., Boston, Mass. 


Clark, LeRoy, Jr. 


Clark, William J. 


Clark, Wm. Edwin 


Clement, Edward E. 

Clement, Lewis M. 
Clougpi, Albert L. 
CoDMAN, John Sturgis, 

Cody, L. P. 


Coffin, Chas. A. 
(24) 


Date of Election. 
May 21, 1895 

Dec. 20, 1895 
July 26, 190© 
Aug. 5, 1896 
Sept. 28, 1898 

April 15, i8go 
Feb. 7, 1888 

Nov. 23, 1898 
Mar. 25, 1896 

May 16, 1899 
Oct. I, 1889 

Jan. 25, 1901 
May 15, 1894 

April 22,1896 

Apr. 26, 1901 

May 15, 1894 
April 22, 1896 

Aug. 23, 1899 

May 18, 1897 
April 21, 1891 
Feb. 21, 1894 

Feb. 15, 1899 

Aug. 5, 1896 
Dec. 6, 1887 
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Name. 

Coho, Herbert B. 


Cole, Wm. Howard 
Coleman, Walter H. 
Coles, Edmund P. 
Collett, Samuel D. 

Compton, Alfred G. 

Converse, V. G. 


Address. 

New York Manager Eddy Elec. Mfg. 
Co,, 149Broadway, New York City 
residence, Mt. Vernon, N. Y. 

Engineer, Carris de Ferro de Lisbon, 
banto Auraro, Lisbon, Portugal. 

Supt. and Treasurer, Andover Elec- 
tnc Co., Andover, Mass. 

Local Engineer. General Electric Co. 
214 S. nth St., Philadelphia, Pa. 

Eastern Manager, Elevator Supply 
and Repair Co., 136 Liberty St., 
New York City; residence, 156 
Clinton St,, Brooklyn, N. Y. 

Professor of Applied Mathematics, 
College of the City of New York, 
Lexington Ave.; residence, 40 
W. 126th St, New York City. 


Converse, V. G. President and General Manager of the 

Converse Transformer Co., 15th St. 
and Liberty Ave., Pittsburg, Pa. 

Cook. Edward Jeromf. Electrical Engineer, Cleveland Elec- 
trie Rdlway Co., q 6 Commonwealth 
Ave., Cleveland, O. 

Cooke, George A. Electrical Engineer and Supt., Ha¬ 
waiian Electric Co., Honolulu, H. I 
residence, Chicago, III. 

Copeland, Clement a. Acting Professor of Electrical Engin¬ 
eering, Stanford University, Cal 

Corey, Fred Brainard Engineer, General Electric Co.- resi- 
^nw 3 High .St., Schenectady, 

Cornell, John B. Ni^s-Bement Pond Co., 136 Liberty 

St.. New York City. 

Corson, William R. C. Superintendent The Eddy Electric 
Mfg. Co., Windsor, Conn. 

Cory, Clarence L. Professor of Electrical Engineering. 

University of California, Berkeley, 

Cosgrove, James Francis 38 St. Andrews Place. Yonkers, N. Y. 

Crain, John Jay, 329 4gth St., Newport News, Va 

Crandall. Chester D. Assistant Treasurer. Western Elec- 
trie Co., 259 South Clinton St.* 
residence, 2821 Sheridan Road Chi- 
^ cago, Ill. 

Crane, W. F. D, Electneal and Mechanical Engineer, 

United Telpherage Co., 20 Broad 
’ residence, 24 Reyn¬ 
olds Terrace, Orange, N. J 

Crawford. David Francis Supt. Motive Power, Penn’a Co. 

Fort Wayne, Ind. ’ ^ 

Creaghead, Thomas J. President and General Manager, 
Creaghead Engineering Co., 802 
Plum St., Cincinnati, O. c 

(20) 


Bate of Election, 

Mar. 21, 1894 
April 25, 1900 
Sept. 28, 1898 
Oct. 23, 1895 

Feb. 26, 1896 

Nov. I 1887 
Nov. 23, 1900 
May 15, 1900 


Crain, John Jay, 
Crandall, Chester D 


Crane, W. F. D, 


Mar. 

22,1901 

June 

23, 1897 

Dec. 

20,1893 

Sept. 

25. rSgs 

Jan. 

17, 1893 

April 

19, 1892 

Nov. 

23, 1898 

Dec. 

16, 1896 

Sept. 

27, 189a 


Feb. 7, 1888 
Sept. 25, 1895 

Sept. 20, 1893 
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Name, Address. 

Crehore, Albert C., Ph.D. The Crehore-Squier Intelligence 
Transmission Co., Brookside Park, 
Tarry town, N. Y. 

Date of Election 

Dec. 21, 189a 

Criggal, John E. 

Mechanician with Western Electric 
Co.; residence, 296 W. nth St., 
New York City. 

June 

20, 1894 

Crocker, Eben Clinch 

Electrical Engineer, American Ord¬ 
nance Co., 29 Harriet Street, 

Bridgeport, Conn. 

Jan, 

26, 1898 

Crosby, Oscar T. 

Potomac Light and Power Co., 1417 
G Street, Washington, D. C. 

Mar. 18, 1890 

Crowell, Robinson 

Assistant Electrician, Sacramento 
Electric Gas and Railway Co,,Sacra¬ 
mento, Cal. 

Dec. 

28, 1898 

Crozier, Arthur Bertram Draughtsman and Engineer, 
Schwarzchild & Sulzberger Packing 
Co.. 41st St. and Ashland Ave., 
Chicago, Ill. 

Jan. 

9, 1901 

CuMNER, Arthur B. 

251 So. 12th St., Philadelphia, Pa. 

Feb. 

27, 1895 

Cunningham, E. R. 

Sup't Fort Dodge Light and Power 
Co., P’ort Dodge, Iowa. 

Jan. 

22, 1899 

CuNTZ, Johannes H. 

325 Hudson St., Hoboken, N. J. 

Mar. 

5. 1889 

Currie, N. M. 

Santiago, Chili. 

Feb. 

15, 1899 

daCunha, Mangel Ignacio Manager of the Electrical Section, 
Emprera Industrial Gram-Para, 
Para, U. S. of Brazil. 

May 

16, 1893 

Daggett, Royal Bradford Electrical Engineer, Electric Stor¬ 
age Battery Co., 43 Nevada Block, 
San PTancisco, Cal. 

Jan. 

25, i§i 99 

Damon, Geo. A. 

With B. J. Arnold, Electrical Engin¬ 
eer, 1541 Marquette Building, Chic¬ 
ago, 111. 

Jun. 

24, 1898 

Damon, Geo. B. 

c/o A. S. M, E., 12 W. 3Tst St., New 
York City. 

June 

23, 1897 

Danielson, Ernst 

Consulting Electrician, Westerns, Swe¬ 
den. 

June 

27, 1895 

Dates, Henry B,, 

Professor of Electrical Engineering 
and Physics, Clarkson School of 
Technology, Potsdam, N. Y. 

Dec. 

28, 1898 

Davenport, George W. 

I S3 Elssex St., Boston, Mass, 

June 

4, 1889 

Davidson, Edw. C. 

Patent Lawyer, 141 Broadway, New 
York City. 

Feb 

7, 1890 

Davis, Delamore L. 

Superintendent, Salem Electric Light 
and Power Co., 299 Lincoln Ave., 
Salem, 0 . 

April 

2, 1889 

Davis, Harry Phillips 

Engineer of Detail Dept., Westing- 
house E. & M. Co.; residence, 327 
Neville St., Pittsburg, Pa. 

Jan. 

25, 1901 

Davis, Leslie Foster 

Secretary and Manager, Jamaica Elec¬ 
tric Light %c Power Co., Ltd. 38 
Harbor St., Kingston, Jamaica 

Sept. 

27, 1899 


(21) 
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Address. 

Davis, Joseph P. Engineer, American Bell Telephone 

Co.,ii3 W. 38th St,New York City. 

Davis, Philip W. Engineer of New England Office, The 

Electric Storage Battery Co., Bos¬ 
ton; residence, no Irving Street, 
Cambridge, Mass. 

Davis, W. J,, Jr. Electrical Engineer, General Electric 

Co., Schenectady, N. Y. 

Dawson, Josi AH Contractor for Electric J^ight and 

Power, etc , Cuba wStreet ICxtension, 
Wellington, New Zealand. 

Deeds, Edward Andrew, President Board of Engineers, The 
Natural Food Co.; residence, 527 
Riverside, Niagara Falls, N. Y. 


Degen, Lewis 
Dempster, Thomas 

DE Muralt, Carl L, 


Address unknown. 

Electrical Engineer, General Electric 
Co., Schenectady, N. Y. 

Electrical Engineer, Baden, Switzer¬ 
land. 

DE Noedwall, Charles Flesch. Manager of the ICxport De- 
partment, Allgemeine Elektricitats- 
Gesellschaft, 22 Schiffbauerdamm, 
Berlin, N. W. Germany. 

Denton, James E. Professor of Experimental Mechanics, 
Stevens Institute of Technology, 
Hoboken, N. J. 

de.Chatelain, Mikail Andrejevitch Prof, of Electrical En¬ 
gineering, Mining Institution and 
Electro-Technical Instiiution, Was- 
ily Ostrow, to line No. 5, St. Peters¬ 
burg, Russia. 


De Redon, Constant 
DE Waal, Wm. H. 
Dickerson, E. N. 
Dieterich, Fred. G. 

Dinkey, Alva C. 
Dobbie, Robert S. 
Doherty, Henry L. 


Consulting Engineer. [Address un¬ 
known.] 

Engineer, Accumulator Mfg, Co., Ca- 
dena, No. 3, Mexico City, Mexico. 

Attorney-at-Law, 141 Broadway ; resi¬ 
dence 64 E. 34th St., New York City. 

Solicitor of Patents and Mechanical 
Expert, 602 F Street, Washington, 

Homestead Steel 
Works, Munhall, Pa. 

Electrical Engineer. Riding Mill-on- 
lyne, Northumberland, Eng. 

40 Wall St, New York City. 

Doolittle, Clarence E. Manager and Electrician. Roaring 
Fork Electric Light and Power Co 
Aspen, Colo. ’ 

( 19 ) 


Date of Election 
April 15, 1884 

May 15, 1900 
Mar. 20, 1895 

Jan. 9, igoi 

Nov. 23, 1900 
Sept 25, 1895 

May 17, 1898 

May 15, 1900 

Sept. 27, 1892 
July 12, 1887 

Nov. 23, 1900 
May 18, 1897 
April 25, 1900 
April 15, 1884 

July 18, T899 

Feb. 17, 1897 

Feb. 5, 1889 
Sept 28, 1898 


May 15, 1894 
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Name. Address. Date of Electron. 

Doolittle, Thomas B. Engineering Department, American 
Bell Telephone Co., 125 Milk St., 

Boston, Mass, May 16, 1893 

Doremus, Charles Avery M.D. Ph.D. 59 W. 51st St., New 

York City. July 7, 1884 


Doubt, Thomas Eaton 

DowiE, Horace 
Downes, Louis, W. 

Downing, P. M. 

Dressler, Charles E. 
Drysdale, Dr., W. A. 

DuBois, Tuthill, 
Duncan, John D. E. 

[Life Member.] 

Duncan, Thomas 


Professor of Physics and Electrical 
Engineering, The University of 
Washington, Seattle, Wash. Jan. 9, 1901 

Engineering Staff, Crocker-Wheeler 

Co., Ampere, N. J. Jan. 25, 1901 

Vice-President and General Manager, 

The D. & W. Fuse Co., 407 Pine 

St., Providence, R. I. Nov. 22, 1899 

Electrician, Standard Mining Co., 

■ Bodie, Mono Co., Cal. June 24, 1898 

17 Lexington Ave., New York City. Dec 16, 1890 

Consulting Electrical Engineer, 414 

Hale Building, Philadelphia, Pa. Sept. 19, 1894 

Electrical Contractor, 19 Park Place ; 
residence, 209 Schenck Ave., Brook¬ 
lyn, N Y. Aug. 23, 1899 

Engineer, with Sanderson and Porter, 

31 Nassau St., New York City. Mar. 20, 1895 

Manager, Meter Dep’t, Siemens & 

Halske Electric Co., Grant Works, 

Chicago; residence, 410 North Cen¬ 
tral Ave., Austin, Ill. Oct. 17, 1894 


Dunn Clifford E. Patent Attorney, 1029 Park Row Bldg, 

New York City, residence, 12-a 

Monroe St., Brooklyn. N. Y. Feb. 15,1899 


Dunn, Kingsley G. 


General Supt. British Columbia Elec¬ 
tric Railway L’t’d., Vancouver, B, C. Oct. 17, 1894 


Durant, Edward 

Durant, Geo. F. 

Dyer, Ernest I. 

Dyer, Shubael Allen 

Dysterud, Emil 

"Eddy, H. C. 

(19) 


Chief Electrical Engineer, Manhattan 
State Hospital of the State of New 
York, W^ard’s Island, N. Y.; resi¬ 
dence, 115 East 26th St., New York 
City. 

General Manager Bell Telephone Co., 
of Mo., Telephone Building, St. 
Louis, Mo. 


Nov. 15, 189a 


April 15, 1884 


Engineer and Manager of the Engi¬ 
neering Department of the American 
Trading Co., Box 28, Yokohama, 
Japan. 

Manager Supply Dept. Mexican Gen¬ 
eral Electric Co., Box 403, Mexico 
City, Mexico. 

Superintendent and General Manager, 
Electric Light & Power Co., Mont- 
erey, Nuevo Leon, Mexico. 

Electrical Engineer, Lees Building, 
Chicago, Ill. 


Jan. 25, 1899 

May i 5 f 

July 26, 1900 
June 20, 1894 
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Name. Address. 

Edmands, I. R. Electrical Engineer, Union Carbide 

Co., residence, 315 Buffalo Ave., 
Niagara Falls, N. Y. 

Edmands, Samuel Sumner ^ Assistant in Electrical Engineer¬ 
ing, Ohio State University, Colum¬ 
bus, O. 


Edwards, James P, 

Edwards, Clifton V. 
Eglin, James Meikle 

Eglin, Wm. C. L. 

Ekstrom, Axel 
Ellard, John W. 

Elias, Albert B. 

Ellis, John 


Ellis, R. Laurie 
Elmer, William Jr. 


Consulting Electrician, Augusta, 
residence, Montesano, Summerville 
Ga. 

Attorney-at-Law and Solicitor of Pa¬ 
tents, 220 Broadway, New York. 

Chief of Electric Dept. Edison 
Electric Light Co., of Philadelphia, 
loth and Sansom Sts.; residence, 
4230 Chester Ave., Philadelphia’, 

Electrical Engineer, N. E. cor loth 
and Sansom Sts., residence, 4230 
Chester Ave., Philadelphia, Pa. 

Electrical Engineer, General Electric 
Co.; Schenectady. N. Y. 

General Manager, United Electric 
Light and Power Co.,506 Merchants 
Bank Bldg, Baltimore, Md. 

1310 Washburn Street, Scranton, Pa. 

Manager, The Lonsdale Co’s Electric 
Light Plant, Lonsdale, R. I. 


Electrician. Seattle Electric Co., Seat¬ 
tle, Wash. 

Assistant Master Mechanic, Altoona 
Machine Shop, Altoona, Pa. 

Ely, Wm. Grosvenor. Jr. Ass't Supt. Construction, General 
Electric Co., 849 Union Street, 
Schenectady, N. Y. 

Emerick, Louis W. Electrical Engineer, 369 W. Monu¬ 
ment Ave,, Dayton, O. 

Entz. Justus Bulkley Electrical Engineer. Electric Storage 
Battery Co., 19th St., and Allegheny 
Ave., Philadelphia, Pa. 

Electrical Engineer. The Erickson 
Electric Equipment Co., 71 Federal 
St., Boston, Mass. 

Instructor Electrical Engineering, Pur¬ 
due University,residence, 124 Grant 
St., Lafayette, Ind. 

Associate Professor of Electrical Engi 
neering, University of Illinois, Ur- 
• bana, Ill. 


Erickson, F, Wm. 


Esterline, J. Walter 


Esty, William 


Etheridge, Locke 


Evans, Clement W. 
(20) 


Mechanical Engineer, 1001 Monad- 
nock B'ld’g,44 E. 50th St.,Chicago, 

Electrical Engineer, American Engi¬ 
neering Co., Box 2100 Mexico City. 


Date of Election, 
June 23, 1897 

Mar. 22, igoi 

April 19, 189a 
Nov. 23 , 1899 

July 26, 1900 

Sept. 19, 1894 
June 17, 1890 

June 23, 1897 
Jan. 26, 1898 

Apr. 26, 1899 

April 26, 1899 

Mar. 18, 1890 

Mar. 21, 1893 
Aug. 13, 1897 

Jan. 7, 1890 

Sep. 19, 1894 

Mar. 28, 1900 

Mar. 20, 189s 

Oct. 17, 1894 
Feb. 28, 1900 
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Name. Address. Date of Election. 

Evans, Paul H. Chief Engineer Mexican General Elec¬ 

tric Co., Apartado 403 Mexico City. Jan. 24, igoo 

EyrEi Manning K. 7 Union St., Schenectady, N. Y. Oct. 17, 1894 

Farnsworth, Arthur J. Chief Engineer, East Chester Electric 
Co., 3 Depot Place, Mount Vernon; 
residence, 30 Beechwood Ave., New 
Rochelle, N. Y. Jan. 16, 1895 


Farrand, Dudley 

Fielding, Frank E. 

[Life Member.] 

Finney, John C. 

Firth, Wm. Edgar 

Fish, Fred. Alan 

FlTZHUGH, Wm. H. 
Flather, John J. 


General Manager, United Electric 
Company of New Jersey, 207 Mar¬ 
ket St.; residence, 141 Clinton Ave., 

Newark, N. J. Jr^T 26, 1900 

Chemist and Assayer, Virginia City, 

Nev. Sept. 6, 1887 


Asst. Secretary of the Wisconsin Trust 
Co., land 3 Old Insurance Bldg.; 
residence, 34 Prospect Ave, Mil- 
waukee, Wis. Uec. 28, 1898 

Chief Engineer, The Midvale Steel 
Co., Nicetown, Philadelphia ; resi¬ 
dence, 7203 Boyer St., Germantown, 

Pa Mar. 25* 1896 


Assistant Prof, of Electrical Engin¬ 
eering, Ohio State University, 
Columbus, O. 

Supt. Bay City Electric Plant, Bay 
City, Mich. 

Professor of Mechanical Engineering, 
University of Minnesota; residence, 
316 loth Ave., S. E., Minneapolis, 
Minn 


Mar. 28, 1900 
April 27, 1898 


April 19, 189a 


FLEMING, JOHN BKECKENRlDGE.^^^.^.^and mcc. Engines 


Fleming, John F. 

Fliess, Robert Anton 
Floy, Henry 


Electrical Contractor, Brookline, 
Mass. 

201 W. 55th St., New York City. 

Consulting Electrical and Mechanical 
Engineer, 220 Broadway, New York 
City. 


July 12, 1900 
Mar. 23, 1898 

May 17, 189a 


Fog, Carl F. 


Electrician, General Electric Co.; 
residence, Box 45 » ^-^st Saugus, 

Mass. 


Mar, 28, 1900 


Foote, Thos. H. 

Forbes, Francis 
Forbes, George 


Electrical Engineer, I 73 Westfield 
Ave., Westfield, N. J. 


April 21. 1891 


Lawyer, 32 Nassau St., New York City. Sept. 16, 1890 


Electrical Engineer, 34 Great George 
St., London, Eng. 


Feb. 21, 1894 


ro.», A,T»». h.l™, 


Ford, Frank R., M. E. 


Consulting 

Davis, 

City. 


Engineer, Ford, Bacon & 
149 Broadway, New York 


Mat. 2!, 1896 


(20) 



768 


ASSOOIATB MEMBERS 


Name. 

Ford, Wm. S. 


Fowler, Geo. W. 
Francisco, M. J. 


Address. 

Assistant to Chief Engineer, The 
American Bell Telephone Co., room 
73, 125 Milk St. Boston, Mass. 

Electrical Expert, The C. & C. Elec¬ 
tric Co., Garwood, N. J. 

President and General Manager, Rut¬ 
land Electric Light Co., Rutland,Vt. 


Rate of Election. 

June 7,189a 
‘Oct. 24, igoo 
June 17, 1890 


i-itAJMK, taEO. WILLIAM With J. G. White & Co., 29 

Broadway, New York City. 
Instructor^ in Electrical Engineering, 
University of Wisconsin, 609 Lake 
St , Madison, Wis. 

Professor of Physics and Electrical 
Engineering, Lehigh University, 
South Bethlehem, Pa. 

Electrical Engineer and Contractor, 
225 Dearborn St., residence, 662 N. 
Irving Ave., Chicago, Ill. 

French, Thomas, Jr. FLD. 713 E. Ridgeway Ave., Cin¬ 
cinnati, O. 

Friedlaender, Eugene Electrician, Carnegie Steel Company, 
Duquesne, Pa. 


Frankenfield, Budd 
Franklin, W. S. 
Frantzen, Arthur 


Fry, Donald Hume 
Gallaher, Edward B. 

Gallatin, Albert R. 

Ganz, Albert F. 


The Standard ,Electric Co., Jackson 
Amador Co., Cal. 

The^ Keystone Motor Co., Drexel 
Building; residence, 1230 Orkney 
St., Philadelphia, Pa. 

Student at Columbia University, resi¬ 
dence 58 W. 55th St., New York 
City. 

Assistant Professor, Physics and Ap¬ 
plied Electricity. Stevens Institute • 

residence 6i2RiverSt., Hoboken.N J 

Garfield. Alex. Stanley Engineer, Cie Thomson-Houston ’ 
27 Rue de Londres, Paris, France. ' 

Franklin Bank 
Bldg.; residence, 4531 West Pine 
Boulevard, St. Louis, Mo. 

G^eral Manager, Hawaiian Electric 
Co., Honolulu, H. I. 

Electrical Engineer, Oakland, Cal. 

Gherardi. Bancroft, jR Chief Engineer, New York and 

wmT „TcIephone Co., 8l 

Willoughby St., Brooklyn; resi- 
dence, 33 Evergreen Place, East 
Orange, N. J. 

Assistant Editor Engineering News 
328 Lenox 

Ave., New York City. 

Gas 

Light Co., St. Paul, Minn. 

Pelham Manor, N. Y. 

Gillis, Harry Alexander General Superintendent, Richmond 
(22) Locomotive Works, Richmond, Va. 


Sept. 28, 1898 

Feb. 17, 1897 

Jan. 22, 1896 

Feb. 21, 1894 
Sept. 20, 1893 
Nov. 20, 1895 
Nov. 23, i8g8 


Garrels, W. L. 

Gartley, Alonzo 
Gaytes, Herbert 


Gibson, Geo. H. 

Gille, Henry John 
Gilliland, E. T. 


Jan. 

19, 1895 

Mar. 

23, 1898 

. April 

26, 1899 

Jan. 

26, 1898 

Mar. 

20, 1895 

July 

12, 1900 

Mar. 

23, 1898 

June 

27, 1891 

Nov. 

22, 1899 

Jan. 

25, 1901 

April 

15, 1884 

Apr. 26, 1901 
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Name. 

GtADSON, WM. N. 

Address. 

Professor of Electrical Engineering, 
University of Arkansas,Fayetteville, 
Ark. 

Date of Election. 

Dec. 28, 1898 

Glass, Louis 

Assistant General Manager, Pacific 
Telegraph and Telephone Co., 
Telephone Bldg., San Francisco., 
Cal. 

Oct. 24, 1900 

Goddard, Chris. M. 

Secretary New England Insurance 
Exchange Sdc’y Underwriters’ Na¬ 
tional Electric Ass’n, 55 Kilby St,. 
Boston, residence, it Glenwood 
Ave., Newton Centre, Mass. 

April 22, 1896 

Goldmark, Chas. J. 

Consulting Electrical Engineer, 66 
New Street, Tel. 2729 Broad, New 
York City. 

June 5, 1888 

Gordon, Reginald 

Instructor in Physics, Columbia Uni¬ 
versity, residence, 315 W. 71st St., 
New York City. 

Feb. 24, 1891 

Gorrissen, Ch. 

General Manager, The Rand Central 
Electric Works, 80x2671 Johannes¬ 
burg, Transvaal. 

Mar. 25, 1896 

Gorton, Charles 

Civil Engineer, Belmont, N. Y. 

Nov. 12, 1889 

Gotshall, Wm. C. 

Electrical Vehicle Co., 46 Fifth Ave., 
New York. 

Jan. 9 , 1901 

Gough, Harry Eugene 

Assistant in Office Mechanical Engi¬ 
neers, Penn. R. R. Co., 14^5 TTth 
St., Altoona, Pa. 

Jan. 9. '*^901 

Grander Y, Julian H. 

fun. Am. Soc. C. E.; Asst. Engineer 
Manhattan Railway Co., 32 Park 
Place, New York; residence, 670 
Penna Ave., Elizabeth, N. J. 

Aug. 5» 1896 

Grant, Louis T. 

Vice-President and General Manager, 
Hawaiian Automobile Co., Box 53 ^» 
Honolulu, H. I. 

Nov. 22, 1899 

Graves, Chas. B. 

210 Washington St., Marblehead, 
Mass. 

Sept. 15, 1897 

Greenleaf, Lewis Stone American Bell Telephone Co., 15 
Oliver St., Boston, Mass. 

Aug. 5, 1896 

Green, Elwyn Clinton With Commercial Electric Co .: resi¬ 
dence, 1710 Prospect St., Indianap¬ 
olis, Ind. 

Mar. 25, 1896 


Greenwood, Fred. A. 
Greenwood, George 

Griffen, John D. 


Secretary California Electric Works, -i o q 
40Q Market St., San Francisco, Cal. April 28, 1897 

Electrical Engineer and Superinten¬ 
dent, Jalapa Railway and Power 
Co., Jalapa,V. C., Mexico. Jan. 24,190° 

Inventor, Electric Conduit and Elec¬ 
tric Signaling Appaiatus, Broad-Ex¬ 
change B’ld’g, Broad vSt.; resi¬ 
dence. 304 West QOth St., New 
York. Aug. 13 - 1897 


Griffes, Eugene V. c/o United Electric Co.,Long Beach, 

’ Cal *6, 1896 

(IS) 
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Name. Address. 

Griffin, Cap’t Eugene First Vice-President, General Electric 
Co., 44 Broad St., New York City. 

Grower, George G. Electrician and Chemist, Ansonia 
Brass and Copper Co., Ansonia, 
Conn. 

Guerrero, Julio Associated with the Durango Electric 

Light Co., Victoria, 12 Durango. 
Mex. ^ 


Gutieribz, Manuel R. Professor of Physics, Normal School, 
Jalapa, V. C., Mexico. 

Guy, George Meli Secretary, The New York Electrical 
Society, 120 Liberty St., New York 
City. 


Hakonson, Carl Harold Electrical Engineer, Westend, Ber¬ 
lin, Germany. 


Hall, Edward J. 


Hall, Frkd'k A. 


Vice-President and General Manager, 
American Telephone and Telegraph 
Co., 15 Dey St., New York City. 

Engineer, The Johnson-Lundell Elec¬ 
tric Traction Co., Ltd., 16 Soho 
Square, London, W. 


Hallbero, J. Henry Electrician, General Incandescent 
Arc Light Co., 572 First Ave.; res¬ 
idence, 3 Beech Terrace, E. 143d 
St., New York City. 


Hamerschlag, Arthur A. Consulting Engineer, 41 Liberty 
St., New York City. 

Hamilton, James Patent Law vSpecialist, 53 State St., 

Boston, residence, 205 Crafts St., 
Newtonville, Mass. 


Hammatt, Clarence S. 
Hancock, L. M. 

Hanscom, Wm. W. 

Hanson, Arthur James 


Manager, Jacksonville Electric Light 
Co., Jacksonville, Fla. 

Supt., Nevada Division, Bay Counties 
Power Co., P. O. Box 151, Nevada 
City, Cal. 

Chief Electrical Engineer, Union Iron 
Works, 612 O’Farrell Street, San 
Francisco, Cala. 

Lawrence & Hanson, 3 Wynyard St., 
residence, Drunnmoyne, Sydney. 

N. s. w. y y y^ 


Harding, H. McL. 20 Broad Street, New York City. 

Hardy, Carl Earnest Laboratorian, Bureau of Construction 
and Repair, U. S. Navy Yard, Nor¬ 
folk, Va.; residence, 216 London 
St., Portsmouth, Va. 


Harris, George H. Electrical Engineer, Birmingham Rail¬ 
way and Electric Co., Birmingham, 
Ala. 


Harter, Bret 


83 Wieting Block, Syracuse, N. Y. 


Date of Election 
Feb. 7, 1890 

Mar. 18, 1890 

April 25, 1900 
Apr. 25, igoa 

May 16, 189$ 
Sept, as, 1895 

April 18, 1893 

Aug. 23, 189^ 

Aug. 33, 189^ 
Mar. 25, 1896 

Nov. 23, i 898< 
Sept. 20, 1893 

May 19, 1891 

April 25, I goo 

Nov. 22, 189^ 
May 24, 1887 

Dec. 27, 1899^ 

June 20, 1894 
July 26, 1900 


(19) 
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Name. Address, . r -o 

Hartman, Herbert T. 2nd Vice-President and Chief Engi- 
neer, 1406 Land i itle B Id g.. resi¬ 
dence, 3135 Clifford St., Philadel- 
phia, Pa. 

Harvey, Robert R. ro So. Franklin St., Wilkes-Barre, Pa. 

[Life Member.] 

Haskins, William Edgar Chief Electrician, South ^rks, 
Am. Steel and Wire Co., 27 Whip¬ 
ple St., Worcester, Mass. 

Hassler, Chas. T. F. Electrical Engineer, “Union” Co., 
Riga, Russia. 

Hathaway, Joseph D., Jr. Assistant in W^tern 

Electric Co., 463 West St., N. Y. 
City. 

Firm Hatzel and Buehler, 114 Fifth 
Ave., residence. 123 1 Madison Ave., 
New York City. 

Haubrich, Alex. Michael Electrical Engineer, Central Union 

Telephone Co., I 30<3 Ashland Block, 

Chicago, Ill 

Treasurer, East Liverpool Railway 
Co., East Liverpool, Ohio. 


Hatzel, J. C. 


Healy, Louis W. 
Hedenberg, Wm, L. 
Heft, K. H. 


Manager and Editor, Eltctricity^ 136 
Liberty Street, New York City. 


Chief of Electrical Dep't N.Y.N.H. & 
H. R. R-, New Haven: residence, 
Bridgeport, Conn. 

Heitmann, Edward, Jr., Stanley Electric M'fg. Co., Pitts6eld, 
Mass. 

Hellick, Chauncey Graham Chicago Telephone Co., 203 
Washington St., Chicago, Ill. 


Henderson, Alex, 


Electrician, Sprague Electric Co., resi¬ 
dence. 17 W. io6th St. N. Y. 


Henderson, Henry Banks Riverside, Cal. 
Henry, Geo. J., Jr., 


Date of Election 

Mar. 21, 1893 
Sept. 25, 1895 

Jan. 25, igoi 
Oct. 24, 1900 

Aug. 5, 1896 

Sept. 3. t 88 g 

Apr. 26, 1901 
June 26, 1891 
Nov. 21, 1894 

Aug. 23, 1899 

Oct. 24, 1900 

Jan. 26, 1898 

Nov. 30, 1897 
May 21, 1895 


Engineer for The Felton Water Wheel 
Co., 143 Liberty St , New York and 
127 Main St., San Francisco, Cal. 

Henry, Lewis Warner Assistant in Engineering Departrnent, 
Mexican General Electric Co , Mex¬ 
ico City. 

Herdt, Louis A, Lecturer on Electrical Engineering, 

McGill* University, M ontreal, Canada. 

Hermessen, John Louis 83 Cannon St., London, E. 
England. 

Hessenbruch, George S. E.E. Ph.D. Ass’t Engineer to Sup t 
of Structure, 205 Union Station, 
Terminal R. R., residence, 5^4 N. 
Spring Ave , St. Louis, Mo. 

Electrician, Hyer-Sheehan Electric 
Motor Co., 139 Chamber St., New¬ 
burgh, N. Y. 


Hewitt, Charles E. 


Hewitt, William R. 


( 21 ) 


Superintendent, Fire Alarm and Police 
Telegraph, 9 Brenham Place, San 
Francisco, Cal. 


April 27, 1898 

Feb. 28, 1900 
May 16, 1899 
Jan. 20, 1897 

June 27, 1898 
Sept. 25, 1895 
May I 5 » 1894 
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Name. Address. 

Hewlett, Edward M. Engineer, General Electric Co., resi¬ 
dence. 27 University Place, Sche¬ 
nectady, N. Y. 

Hildbtjrgh, Walter Leo Student, Columbia University; c/o 
D. H.Hildburgh, Hotel Normandie, 
New York. 

Hill, Ernest Rowland Electrical Engineer, Westinghouse E. 

& M. Co., Pittsburg, Fa, 

Hill, George, C.E, Consulting Engineer, 150 5th Ave., 
Tel. 2326 i8th., New York City. 

Hill, G. Henry Engineer, Sprague Electric Co., 527 

W. 34th St., New York City ; resi¬ 
dence, II Hamilton Road, Glen 
Ridge, N J. 

Hill, Nicholas S., Jr. Consulting Engineer, 520 Equitable 
Bldg., Baltimore, Md., and 100 
William St., New York City. 

Hitzeroth, L. D. Superintendent, Electrical Depart¬ 

ment General Electric Co., 229 
Stevenson St.; residence, 452 Bryant 
St., San Francisco, Gala, 


Hoag, Geo. M. 

Hodge, William B. 
Hoffmann, Bernhard 

Holberton, George C. 


City Electrician, City of Cleveland, 
113 City Hall; residence, 317 Hough 
Ave., Cleveland, O. 

Electrical Engineer, Queen & Co., 
1010 Chestnut St., Philadelphia, Pa.’ 

New York Telephone Co., 113 W. 
38th St., residence, 12 W. 18th St., 
New York City. 

Oakland Gas Light and Pleat Co. 
Oakland, Cal. 


Holbrow, Herman L. Draughtsman, Equipment Dept.,Navy 
Yard; residence, 112 Waverly Ave.< 
Brooklyn, N. Y. 

Holmes, Gwyllyn R. Holmes-Rose Electric Co., No. 215 
Calvert St., residence 2842 Park- 
wood Ave., Baltimore, Md. 

Holt, Marmaduke Burrell, Mining and Electrical Engineer 
Siiverton, Col. 


Hommel, Ludwig 


Hood, Ralph 0, Electrical Engineer, Danvers, Mass. 

Hopewell, Chas. F. Inspector of Wires, Supt. of Lamps 
Fire Alarm and Police Telegraph 
City of Cambridge, City Hall; resi 
dence, 82 Magazine St., Cambridge- 
port. Mass. 

Hopkins. Nevil Monroe, M.Sc. Electro-Chemist and Electro. 

Chemical Engineering Instructor ir 
Chemistry and Electro Chemistry, ir 
the Columbian University, 1730 ] 
Street. Washington, D. C. 

Hopkins, N. S. Designing Engineer, General Elec- 

trie Co., Lynn, Mass. 


Supt. of Construction, Standard Un 
derground Cable Co., 618 Westing 
house Bldg, Pittsburg, Pa 


Date of Election. 
May rg, 1891 

Dec. 28, i8g8 
Jan. 25, 1899 
April ig, 189* 

Jan. 25, 1899 
Aug. 5, 1896 

July 26, 1900 

April 28, 1897 
Dec. 28, 1898 

Nov. 23, i8g8 
May 15, 1894 

Mar. 24, 1897 

Jan. 24, 1900 
April 15, 1890 

Jan. 20, 1897 
April x8, 1894 

Aug. 13, 1897 

Nov. 20, 1895 


(19) 


April 27, 1898 
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Name. 

Horn, Harold J. 


Hosmer, Sidney 


Address. 

Electrical Engineer, John A. Roeb- 
ling’s Sons’ Co ; residence, 36 W. 
State St., Trenton, N. J. 

Electrical Engineer, Boston Electric 
Light Co , Ames Building, Boston, 
Mass. 


Howe, Winthrop Keith Assistant Engineer, Taylor Signal 
Co., Carroll and Wells Sts., Buffalo, 
N. Y. 


Howes, Robert 

Howland, Lewis A. 

Howson, Hubert 
Hoxie, George L. 

Hubbard, Albert S. 

Hubbard, William C. 

Hubrecht, Dr. H. F. 
Huggins, N. W. 
Huguet, Chas. K. 
Hulse. Wm. S. 

Humphreys, C. J. R. 

Hunt, Arthur L. 

Hunt, A. M. 

Huntley, Chas. R. 


Asst, Supt. of the Light and Power 
System of Washington Water Power 
Co., Box 1587, Spokane, Wash. 

Engineering Department, Canadian 
General Electric Co., Ltd., 6 Queen 
St., Montreal, Que. 

Patent Lawyer, 38 Park Row, New 
York City. 

Student in Electrical Engineering, 
Cornell University, 1192 Cascadilla 
Place, Ithaca, N. Y. 

Gould Storage 'Battery Co., Astor 
Court B’ld’g, 25 W, 33rd St., resi¬ 
dence, Belleville, N. J. 

Vice-President,Electric Arc Light Co., 
Sales Manager Manhattan General 
Construction Co., ii Broadway, 
New York, residence, 427 West 7th 
St., Plainfield, N. J. 

R. Director, Nederlandsche Bell Tele¬ 
phone Co., Amsterdam, Holland. 

Salesman, etc., GeneraP'Electric Co., 
Seattle, Wash. 

Electrical Engineer, 731 Jackson 
‘ Boulevard, Chicago, Ill,, 

Electrical Engineer, with Union 
Elektricitats Gesellschaft.Doratheen 
Str. 43, Berlim Germany. 

Manager, Lawrence Gas Co., and 
Edison Electrical Ill. Co., Law¬ 
rence, Mass. 

Harrisburg Foundry and Machine 
Works, 203 Broadway, New York 
City. 

Consulting Engineer, 331 Pine Street, 
San Francisco, Cala. 

General Manager, Buffalo General 
Electric Co., 40 Court St., Buffalo 
N. Y. 


Hutton, Chas. William Chief Electrician. Sacramento Elec¬ 
tric Gas and Railway^ Co., Sacra¬ 
mento, Cal. 


Hutchinson, Frederick L. Electrical Engineer, Westinghouse 
Electric and Mfg. Co., Pittsburg, Pa. 


(19) 


Date of Election, 

Mar. 22, 1899 

May 18, 1897 

Mar. 22, 1901 

Jan. 25, 1901 

July 26, 1900 
June 8, 1887 

Feb. 28, igoi 

Nov. 20, 1895 

April 18, 1894 
Oct. 4, 1887 
Aug. 5, 1896 
June 27,1895 

Mar. 25, 1896 

Sept. 6, 18S7 

Sept, ig, 1894 
B'eb. 28, igoo 

Sept. 25, 1895 

Feb. 15, 1899 


June 20,1894 
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Name. 

Address. 

Date of Election, 

Hyde, J. E. Hindon 

Patent Lawyer, 120 Broadway, New 
York City. 

Jan. 

24, 1900 

Idell, Frank E. 

Havemeyer Building, 26Cortlandt St., 
New York City. 

July 

12, 1887 

Ihlder, John D. 

Electrical Engineer, Otis Electric Co., 
Yonkers. N. Y. 

Oct. 

2, 1868 

IijiMA Zentaro, 

Electrical Engineer, Shibaura Engin¬ 
eering Works, I Shinhamacho, 
Shiba, Tokyo, Japan. 

Jan. 

22, 1896 

Imlay, L. E. 

Resident Engineer, Westinghouse 
Elec. & MTg. Co., 203 Sixth St., 
Niagara Falls, N. Y. 

July 

26, 1900 

Insull, Martin J. 

2d Vice-President and General Man¬ 
ager, General Incandescent Arc 
Light Co., New York, residence, 
262 W. 83d St., New York City. 

Nov. 

22, 1899 

Insull, Samuel 

President, Chicago Edison Co., 139 
Adams St., Chicago, Ill. 

Dec. 

7, 1886 

IWADARE, KUNIHIKO 

Electrician, Nippon Electric Company, 

2 Mita Shikokumachi Shibaku, 
Tokyo, Japan. 

Sept. 

20, 1893 

Jackson, E. D. 

82 Beech St., Detroit, Mich. 

Nov. 

22, 1899 

Jackson, Wm. Steell 

4th Assistant Examiner, Patent Office; 
residence, 325 Spruce St., N. W., 
Washington, D. C. 

April 

22, 1896 

Jaeger, Charles L. 

Inventor, Maywood, N. J., Electric 
Recording Ship Apparatus, Labora¬ 
tory, 132 Mulberry St., New York, 
N. Y. 

Dec. 

20, 1893 

James, Henry Duvall, B. 5 ., M. E, Engineering Dep’t, Otis 
Elevator Co , 71 Broadway, New 
York ; residence, 100 Buena Vista 
Ave., Yonkers, N. Y. 

Nov. 

23, 1898 

Jaquays, Homer M. 

Lecturer in Mechanical Engineering, 
McGill University, residence, 862 
Sherbrooke St., Montreal, Quebec. 

Dec. 

27, 1899 

Johnson, Albert C. 

Superintendent and Electrician, Elec¬ 
tric Light & Water Works, Box 7, 
Willmar, Minn. 

May 

16, 1899 

Johnson, Charles E, 

Compania Ferrocarilles del Districto 
Federal, Indianilla Mexico, D. F. 

May 

15, 1900 

Johnson, Howard S. 

Jeffrey MTg Co., 303 Kanawha St., 
Charleston, W. Va. 

Mar. 

22, 1899 


Johnson,' Wallace Clyde Chief Engineer, The Niagara Falls 
Hydraulic Power and M'f’g Co., 

Niagara Falls, N. Y. . Mar. 22, 1901 

Johnston, Thos. J. Counsel in Patent Causes, 66 Broad* 

way, New York City. May 16, 1899 

Johnston, W. J. Publisher Mining and Metallurgy, 

95 Liberty St, New York. April 15, 1884 

Jones, Arthur W. Managing Director, Australian Gene¬ 
ral Electric Co., Equitable Bldg., 

Melbourne, Australia. Oct. 17, 1894 


( 20 ) 
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Name. 

Address. 

Date of Election. 

Jones, Forrest R. 

Professor of Drawing and Machine 
Design, Worcester Polytechnic In¬ 
stitute, residence, 3 State St , Wor¬ 



cester, Mass. 

May 20, 1890 

Jones, G. H. 

Agent, General Electric Co., Casilla 


1317 Santiago, Chile. 

April 17, 1895 

Jones, Henry C. 

Member of Firm, the Electric Construc¬ 
tion and Supply Co., Montgomery, 



Ala. 

Mar. 20, 1895 

Jones, M. E. 

Chief Engineer, St. Lawrence State 


Hospital, Ogdensburg, N. Y. 

Oct. 27, 1897 

JosLYN, Howard. 

Assistant Engineer, Snoqualmie Falls 
Power Co., 507 Pioneer Bldg, Seat¬ 



tle, Wash. 

May 17, 1898 

JuDsoN, Wm. Pierson 

Deputy State Engineer, of New York, 


Albany; residence, Oswego, N. Y. 

June 8, 1887 

Kammerer, Jacob A. 

General Agent, The Royal Electric 
Co.; residence, 87 Jameson Ave., 



Toronto, Ont. 

April 28, 1897 

Keefer, Edwin S. 

Supt. of Electiic Light Construction, 
Western Electric Co., 463 West St., 
New York City; residence, Eliza¬ 



beth, N. J. 

April 18, 1894 

Kkilholtz, P. 0 . 

General Manager, United Electric 



Light and Power Co., and Chief En¬ 
gineer, United Railways and Electric 
Co., 330 N. Charles St., Baltimore, 



Md. 

Mar. 

21, 1893 

Keller, E. E. 

Vice-Prest. and General Manager, 
Westinghouse Machine Co , Pitts¬ 
burg, Pa.; residence, Edgewood 
Park, Pa. 

Sept. 

20, 1893 

Kellogg, James W., M.E. Manager Marine Sales, General 
Electric Co., residence, 10 Front 
St., Schenectady, N. Y. 

June 

26, 1891 

Kelly, John F. 

The Stanley Electric Co.; residence, 
284 West Plousatonic St., Pittsfield, 
Mass. 

May 

16, 1899 

Kelsey, James Cezanne 

Switchboard Trouble Mgr. N. W. 
Telephone Exchange Co., Minne¬ 
apolis. Minn. 

Nov. 

23, 1900 

Kennedy, A. P. 

Electrical Engineer, Norton Bros., 
312 N. 3rd Ave., Maywood, Ill. 

Apr. 

26, 1899 

Kennedy, Jeremiah J. 

Mechanical Engineer with J. G. White 
& Co., 29 Broadway, New York. 

July 

26, 1900 

Kent, James Martin 

Instructor in Steam and Electricity, 
Manual Training High School, 
Kansas City, Mo. 

July 

26, 1900 

Ker, W, Wallace 

Instructor of Electricity, Hebrew 
Technical Institute, 36 Stuyvesant 
St., New York City. Residence, 626 
Pavonia Ave., Jersey City, N. J. 

Sept. 

25, 1895 
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Name. 

Address. 

DatM» of Ekotton*. 

King, Vincent C., Jr. 

With V. C. & C. V. King, 517 West 


St.; residence, iioEast i 6 th Street, 



New York. 

Aug. 5, 1896- 

Kinsley, Carl 

Electrical Engineer, with Chicago Bell 
Telephone Co., 203 Washington St., 

May 18, 1897 


Chicago. 

Kittler, Dr. Erasmus 

Professor at the Technical High School, 

Dec. 16, 1896 

Darmstadt, Germany. 

Klauder, Rudolph H. 

Electrical Engineer, 817 Wainwright 


Bldg, St. Louis, Mo. 

Aug. 13, 1897 

Klinck, J. Henry 

Klinck and Kodjbanoff, 5 So. gth St. 

Jan. 16, 1895 

Reading, Pa. 

Knox, Frank H. 

Engineer, Spartanburg Railway, Gas 

June 20, 1894. 


& Electric Co., Spartanburg S. C. 

Knox, Geo. W. 

2329 Magnolia Ave., Chicago, Ill. 

Nov. 18, 1896 

Knox, S. L. G. 

Mechanical Engineer, General Electric 
Co.; residence, 29 Front St., Schen¬ 



ectady, N. Y. 

Nov. 23, 1898 

Kreidler, W. a. 

Editor and Publisher, Western Elec¬ 
trician, 510 Marquette Building, 

Oct. 4, 1887 


Chicago, III. 

Kruesi, August H. 

Designing Engineer, General Electric 
Co.; residence, 16 Union Street, 



Schenectady, N. Y. 

Jan. 9, igot 

Lafore, John Armand 

Electrical Engineer, The D'Olier En¬ 
gineering Co., 125 South iith St.; 
residence, Overbrook, Philadelphia, 



Pa. 

May 15, 190O)' 

Lamb, Richard 

Chief Engineer, Brooklyn Dock and 
Terminal Co., and the Brigantine 
Trolley Co., 136 Liberty St.; resi¬ 
dence, Waterwitch Park, Highlands, 



N. J. 

Dec. 18, 1895 

Land, Frank 

Sec’y and Treas., I. A. Weston Co., 
residence, 102 Highland Ave., Syra¬ 



cuse, N. Y. 

Sept. 22, 1891 

Lanman, William H. 

Board of Patent Control, 120 Broad¬ 



way, New York City. 

June 6, 1893- 

Lanphear, Burton S. 

Assistant Professor of Electrical Engi¬ 
neering, Iowa State College, Ames, 



Iowa. 

Jan. 16, 1895 

Lansingh, Van Rensselaer Electrical Engineer, Western Elec¬ 
tric Co.: residence, ioi8 E. soth 



St., Chicago, Ill. 

Aug. 23, 1899, 

Latham Harry Milton 

With American Steel and Wire Co., 



Worcester, Mass. 

Dec. 16, 1896 

Lawrence, Wm. G. 

Manager of Light and Power Depart¬ 
ment, Town of Hudson, Hudson, 



Mass. 

Feb. 28, 1900' 

Lawrence. W. H. 

Assistant Superintendent, Second Dis¬ 
trict, Edison Electric Illuminating 
Co., 49 West 26th St., New York, 



N. Y. 

April 26, 1899 

LeBlanc, Charles 

Engineer, 7 Rue Meyeibeer, Paris, 


(20) 

France. 

April 17, 1895 
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Name. Address. Date of Elaeitom 

LsClear, Gifford, Electrical and Mechanical Engineer, 

Partner Densmore & Le Clear, 15 
Exchange Street. Boston, Mass.; 
residence. Cambridge, Mass. Oct. 27, i8c|7 

LeConte, Joseph Nisbet Instructor in Electrical Engineering, 

State University, Berkeley, Cal. Feb. 27, 189$ 

Ledoux, A.R., M. 5 ., Ph.£>., President of Ledoux & Co.(inc.), 
gg John St., residence, 39 W. 50th 
St., New York City. Dec. 7, 1886 

Lee, Francis Valentine T. Engineer, (Pacific Coast Dept.) 

Stanley Electric M’fg. Co., 33 New 
Montgomery .St., San Francisco, 

Cal. Mar. 23, 1898 

Lee, John C. Chemist and Electrician, American 

Bell Telephone Co., Boston resi¬ 
dence. Mountfort St., Longwood, 

Brookline, Mass. Mar. e8, 1890 

Leeds, Norman Electrical Engineer, Western Electric 

Co., 4^3 West St., New York; resi¬ 
dence, btamford, Conn. Feb. 28, 1901 

Leeds, Morris Evans Managing Member of the firm, Morris 
E. Leeds & Co., 259 North Broad 
St.; residence, 3221 N. 17th St., 

Philadelphia, Pa. Apr. 26, 1901 

Leitcpi, Howard Wallace Switchboard Regulator. The 
Edison Elect. Illuminating Co., res¬ 
idence, 373 Madison St., Brooklyn, 

N. Y. Nov. 23, 1898 

Lemon, Charles, Hon. Sec’y for New Zealand for the 

Institution of Electrical Engineers, 

Waerenga Road, Olaki, New Zeal¬ 
and. Jan. 22, 1896 

Letheule, Paul Electrical Engineer, Commissioned by 

P'rench Government, 27 Rue de 
Londres, Paris, France. May 17, 1898 

Lewis, Henry Frederick William, Redlands, 48 Sydenham 

Road, Croydon, Surrey, England. Mar. 5, 1889 

Libby. Samuel Byington Richmond Borough Equipment Co., 

395 Richmond Terrace,New Bright¬ 
on, N. Y. Feb. 23, 189S 

Lilley, L. G. Electrician, The Cincinnati Under¬ 

writers" Association S. W. Cor. 3d 
and Walnut Sts., Cincinnati, O.; 
residence, Wyoming, O. June 20, 1894 

Lindsay, Robert General Supt. The Cleveland Elec. Ill. 

Co., 717 Cuyahoga Building, Cleve¬ 
land, Ohio. April .27, 1898 

Lisle, Artpiur Beymer General Representative, Narragansett 
Electric Lighting Co., Box 1223, 

Providence, R. I.residence, East 

Greenwich, R. I. ' , Jan. 9, 1901 

Little, C. W. G. Engineering Manager, The British 

Electric Traction Co., Ltd., Don- 
ington House, Norfolk St., Strand, 

W. C., London, Eng. April 22, 1899 

Livingston, Johnston Jr. The United Engineering and Con¬ 
tracting Co., 13 Park Row, New 
York City. May 17, 189^ 

(i 7 ) 
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Name. 

Livsey, J. H. 

Loewenthai., Max 

Lohmann, R. W. 
Lorimer, Geo. Wm. 

Lorimer, James Hoyt 

Louis, Otto T. 

Lovejoy, D. R. 

Low, George P. 

Lowther, Christopher 


Lundell, Robert 


Address 

Salesman and Manager Detroit Office 
General Electric Co., 704 Chamber 
or Commerce, Detroit, Mich. 

Supt.Osterberg and Sutton,ii Broad¬ 
way; residence. loo St. Nicholas 
Ave., New York City. 

■With General Electric Co.; residence, 
25 Front St., Schenectady, N. Y. 

Sec’y and Treasurer, The American- 
Machine Telephone Co., Ltd 
Piqua, O. ’’ 

Electrical Engineer and President, 

I he American Machine Telephone 
Co.. Ltd., Piqua. O. 

Manager of New York Branch, Queen 
& Co., dnc.; residence, 340 East 
119th St, New York City. 

Electrical Engineer, c/o Cataract 
tnemical Co*, Niagara Falls, N. Y. 

Editor and Proprietor, /ournal of 
Eleciriaty, Pouter and Gas, 320 
California St., San Francisco,’ Cal. 

Engineer Crocker- 
^^eferCo.. New York; residence, 
^68^Arlington Ave., East Orange, 


Late of Election, 
April 25, 1900 

Mar. 23, 1898 
Nov. 23, 1898 

Aug. 5, i8g6 

Aug. 5, 1896 

Eeb. 23, 1898 
April 28, 1897 

Jan. 17, 1893 


Lundie, John ' 

Lyford, Oliver S., Jr., 
Lyman, Chester Wolcott, 


Electrical Engineer, 527 W. 34th St 
residence, 9 W. 68th St., New York 
City. 


Nov. 23, 1900 


Lynn, Wm. A. 

Lyons, Joseph, 
Macartney, John 


Consulting- Engineer, 52 Broadway, 
New York City. ^ 

Boat Co., 100 Broadway, 
New York, N. Y. ^ 

A, Assistant to President In¬ 
ternational Paper Co., 30 Broad St. 
residence, University Club, New 
York, N. Y. 

Instructor in Electrical Engineering 
U^niversity of California. Berkeley. 

Patent Solicitor, with Gustav Bissing 
908 G. St., Washington, D. C. 


Managing Director, Macartney, Mc- 
Elroy & , LVd., 53 Victoria St., 

London, Eng. 

MacFadden, Carl K. Consulting Engineer, Geneva, Ind 
MacGregor, Willard H. General Eastern Agent, Cutler- 
Hammer. Mfg. Co. of Chicago. 136 
Liberty St ; residence, 359 W. 27th 
St., New York City. 

Superintendent and Engineer, Ken¬ 
tucky and Indiana Bridge Co., 29th 
and High Sts.; residence, 1013 4.th 
Ave., Louisville, Ky. 


MacLeod, George 


(19) 


Feb. 7, 1890 
Nov. 22, 1899 
Apr. 26. 1899 

Sept, ig, 1894 

Jan. 25, 1899 
June 24, 1898 

May 16, 1899 
Sept. 27, 1892 

Jan. 20, 1897 

Aug. 5, 1896 
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Name. Address. 

Macomber, Irwin John Professor of Electrical Engineering; 

Armour Institute of Technology, 
residence, 422 34th Street, Chicago’ 

Magee, Louis J. Electrical Engineer, Director, der 

Union Elektricitats Gesellschaft, 
Grosse Quer Allee r., Berlin, Ger¬ 
many. 

Magnus, Benjamin Electrical Engineer, Ref. Dept., Ana¬ 
conda Copper Mining Co., ’ Ana¬ 
conda, Mont. 

Mahoney, James J. Engineer General Electric Co., 44 
Broad St., New York City 

Maki, Heiichiro Chief Engineer, Hoshyu Traction Co., 

Beppu, Oitaken, Japan. * 

Mansfield, R. H. Jr., Eastern Manager of the Cutler-Ham¬ 
mer Mfg. Co., Westfield, N. J. 

Marsh, Harry Bowman President, The Advance Electric Co., 
8 West Market St.,Indianapolis,Ind! 

Marshall, Cloyd Designer of Electrical Machinery, 

Lafayette Ind. 

Martin, Frank Electrician, Dept. Yards and Docks, 

New York Navy Y^ard ; residence, 
161 Cumberland St., Brooklyn, N.Y. 

Martin John Agent, Stanley Electric MTg, Co., 

33 Nev.'Montgomery St., San Fran¬ 
cisco, Cal. 

Martin, Commekford {Fast-President.) Editor, The Elec- 
irtcal World and Engineer^ 120 

Libelty St., N. Y. City. 

Masson, Raymond S. Salesman and Engineer, Westing- 
house E. & M. Co., 327 Market St , 
San Francisco, Cal. 

Mather, Eugene I-Iolmes Manager Cumberland 111. Co. and 
Portland Electric Light Co.. Port¬ 
land, Me 

Matthews, Charles P. Associate Professor, Electrical En¬ 
gineering, Purdue University, resi¬ 
dence, Thornell St., Lafayette, Ind. 

Maxwell, Eugene c/o. Snoqualmie Falls Power Co., 
Seattle, Wash. y 

Mauro, Philip Counsellor at- Law in Patent Causes 

(Pollock & Mauro), 620 F. St., 
Washington, D. C. 

Mayer, Maxwell M. Mfr. of Plating Dynamos, 2369 2d 
Ave., residence 433 East Ii 6 th St., 
New York City. 

McCarter, Robert D. Jr. Electrical Engineer, General Elec¬ 
tric Co., no Cannon St., London 
E. C. 

McCarthy, E. D. McCarthy Bros. & Ford, 45 North 

Division St.; residence, 382 West 
Ferry Street, Buffalo, N. Y. 


Bate of Election, 

Mar. 28, igoo 

April 3, 1889 

Jan. 34, 1900 
May 17, 1898 
Aug. 5, 1896 
Sept. 28, 1898 
Mar. 28, 1900 
Apr. 25, rgoo 

Oct. 21, 1890 

July 27, 1898 

April 15, 1884 

Apr. 26, 1899 

April 28, 1897 

May 16, 1893 
Aug. 5, 1896 

Dec. 21, 1892 

Feb. 27, 189s 

May 16, 1899 

Nov. 18, 1896 


(19) 



780 


ASSOCIATE MEMBERS 


Name. Address. 

McClenathan, Robert Mechanical and Electrical Engineer, 
With General Electric Co., Schenec¬ 
tady, JSl. Y. 


McCluer, Chas. P. 
McClure, William J. 

McClurg, W. a. 

McCreary, J. L. 
McELroy, James F. 

McKissick, a. F. 


Wm. R. Trigg Co., Shipbuilders, 
Richmond, Va. 

Associated with H. D. Brown, Elec¬ 
trical Engineers and Contractors, 
residence, 259 West 52nd St., New 
York City. 

Manager, Electrical Dept., Plainfield 
Gas and Electric Light Co., 207 
Madison Ave., Plainfield, N. J 

Constructing Engineer, District Rail¬ 
way Co., Mexico City. 

Consulting Engineer, Consolidated 
Car Heating Co., 131 Lake Ave., 
Albany, N. Y. 

Engineer, Pelzer Manufacturing Co., 
Pelzer, S. C. 

McLain, Ralph Clapp Assistant Engineer, Rapid Transit 
Subway Construction Co., 21 Park 
Row, residence, 170- W. sgth St , 
New York N. Y. 


McLimont, a. W. 
McVay, H. D. 


Federal Electric Co., ’41 Broadway, 
New York, N, Y. 


Supt. Overton MT’g. and Engineering 
Co., Ill E. 7th St., Topeka, Kan. 

Meadows, Harold Gregory Associate Engineer (Elec.) with 
Newcomb Carlton, 109 White Build¬ 
ing ; residence, 238 Elmwood Ave.. 
Buffalo, N. Y. 


Meredith, Wynn 
Merrill, E. A. 
Merrill, Josiah L. 
Merz, Chas. H. 

Meyer, Hans S. 
Meyer, Julius 


Electrical Engineer, Benjamin, Hunt, 
and Meredith, 331 Pine St., San 
Francisco, Cal. 

Manager, New York Office, McIntosh, 
Seymour & Co., 26 Cortlandt St., 
New York City. 

Electrical Engineer, c/o. General 
Railway Supply Co., Park Bldg, 
Pittsburg, Pa. 

The Cork Electric Tramways and 
Lighting Co Ltd,, Coik; resi¬ 
dence, The Quarries, Newcastle-on- 
Tyne, England. 

Electrical Engineer, Alleestrasse 70 
Hannover, Germany. 

Consulting Engineer, 115 Broadway, 
Room 124, New York City. 

Middleton, A. Center General Electric Co , 420 W. 4th St, 
t Cincinnati, O. ’ 


Miller, Herbert S. 


( 19 ) 


Electrical Engineer, Diehl Mfg. Co.; 
residence, 1025 E. Jersey St. 
Elizabeth, N. J. 


Date of Election. 

May 16, 1899 
Apr. 22, 1896 

Apr. 25, I goo 

Dec. 20, 1893 
Feb. 28, 1900 

Nov. 15, 189a 
Feb. 16, 1892 

Aug. 23, 1899 
July 26, 1900 
Feb. 28, igco 

Sept. 23, 1896 
Jan. 17, 1893 
Sept. 20, 1893 
Sept. 25, 1895 

Sept. 25, 1895 
July 27, 1889 
Oct. 25, 1892 
May 16, 1899 

Mar. 22. 1899 
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Name. 

Miller, Kempster B. 


Miller, Wm. C., M, S. 


MisAKi, Seizo 


Mitchell, Sidney Z. 


Address. Date of Election 

Engineer Kellogg Switchboard and 
Supply Co., Congress ■ and Green 
St., residence, 2060 Kenmore Ave., 

Chicago, Ill. Sept. 28, 1898 

Electrical Engineer, 3 South Hawk 

St., Albany, N. Y. Oct. 21, 1890 

Chief Engineer and Superintendent 
Hanshin Elec. Railway Co., Nishi- 
nomiyo. Hiqgo Ken, Japan. Dec. 27, 1899 

Manager, Portland Office, General 
Electric Co., Worcester Building, 

Portland, Ore. Nov. 12, 1889 


Mole, Harvey Edward with J. G. White & Co., 29 Broadway, 

New York City. Nov. 30, 1897 


Monkath, Gustave Engineer and Superintendent, Grace 

and Plyde Engineering Co., 7 E. 
42d St., New York City. 

Montagu,Ralph Lechmere Continental Gold Dredging Co., 
Oroville, Cal. 

Moody, Virginius Daniel 609 State St., Schenectady, N. Y. 

Moore, John Peabody General Phectric Co , Box, 389? Schen¬ 
ectady, N. Y. 

MoEA, Mariano Luis General Electric Co., 44 Broad St., 
New York City. 

Consulting Electrician, 82 Victoria St., 
Grosvenor Mansions. Westminster, 
London, Eng. 

Engineer, Union Carbide Co., 157 
Michigan Ave., Chicago, Ill. 
Morehouse and Morrill. General 
Electric Installation and Contract¬ 
ing Work, Apartado No 44. Q^ez- 
altenango, Guatemala, C. A. 

4th Ass’t Examiner, U. S. Patent 
Office, residence, 43 B. St., N. W. 
Washington, D. C. 


Mordey, Wm. Morris 

Morehead, J. M. 
Morehouse, H. H. 

Morgan, Chas. H. 


Apr. 26, 1901 

Feb. 26, 1896 
Dec. 27, 1899 

Apr. 25, 1900 

Mar. 20, 1895 

Sept. 22, 1891 
Mar. 28, 1900 

Feb. 21, 1894 
Aug. 5, 1896 


Morgan, Jacque L. City Electrician, City Hall, residence, 
1702 Locust St., Kansas City, Mo. 

Mokley, Edgar L. Sup’t Hatzel & Buehler, 114 5* Ave., 
New York City. 


Morrison, J. Frank 
Mortimer, James D. 

Mortland, James A. 

Morton, Henry, JPh.D. 


Manager, The Northern Electric Co. 
15 South St., Baltimore, Md. 

Instructor in Electrical Engineering, 
University of California, Mechanics’ 
Building, Berkeley, Gala. 

Sergeant I2th Co., U. S. V., Signal 
Corps, Official Photographer, 3^ 
Army Corps, Montezuma, Iowa. 

President of Stevens Institute of Tech¬ 
nology, Hoboken, N. J. 


Moschkowitsch, Meers S. Preobrajenska, 53, Odessa, Rus¬ 
sia, 

‘Moses, Percival Robert, E. E. Electrical Engineer, 35 Nassau 
St.: residence, 46 West 97th St., 
New York City. 


( 22 ) 


Jan. 26, 1898 
Sept. 25, 1895 
April 15, 1884 

Mar. 28, 1900 

Feb. 23, 1898 
May 24, 1887 
Jan. 9, 1901 

Dec. 19, 1894 
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Name. Address. 

Mosscrop, Wm. a., M,£ Electrical Engineer, 47 Brevoort 
Place, Brooklyn, N. Y. 


Mudge. Arthur I.anglky Electrical Engineer, Grand Trunk 
Railway Co., Montreal, Canada. 


Mullin, E. H. 


General Electric Co., 44 Broad St., 
residence, i West 102nd Street, 
New York, N. Y. 


Murphy, John McL. Electrical Engineer, Safety Third 
Rail Electric Co., 116 Nassau St., 
New York, N. Y. 


Muschenheim, Fred’k 


Namba, M. 
Naphtaly, Sam L, 


A. Electrical Engineer, Western Elec- 
tiic Co., 463 West St.; residence, 
41 W. 31st St., N. Y. City. 

Professor of Electrical Engineering, 
University of Kioto, Kioto, Japan. 

Manager and General Superintendent, 
The Central Light and Power Co., 
Room 500, Parrott Building, resi¬ 
dence, i?404 Broadway, San Fran¬ 
cisco, Cal. 


Neilson, John Larchmont, N. Y. 


Neurath, Morris M. Consulting Engineer, 1444 Monad- 
nock Block, Chicago, III. 


Bate of Election 
May 7, 1889 
Mar. 22, 1901 

May 16, 1899 

Oct. 26, 1898 

April 27, 1898 
Apr. 26, 1899 

^ug. 23, 1899 
May 18, 1897 

Feb. 28, 1900 


Newbury, F. J. Manager Insulated Wire Department, 

John A. Roehling's Sons Co.*, 

Trenton, N. J. 23, 1896 

Nicholson, Samuel L. With Westinghouse Elec. & M’fg, 

Co., 120 Broadway, New York; 
residence, 820 President St., Brook¬ 
lyn, N. Y. j^ly 26, 1900 


Niles, Harry B, 


Nimis, Albert A. 


Nock, Geo. W. 


Noxon, C. Per Lee 


Electrical Engineer, Ferrocarrillos del 
Distrito American Club, Mexico 
City. 

Electrical Contractor, Nimis & Nimis, 
59 East 5th Street, St. Paul, Min. 
and 1221 Lexington Ave , N Y 
City. 

Chief Engineer, in charge of Steam and 
Electric Plant Westinghouse Elect, 
and Mfg. Co., Pittsburg, Pa. 

Manufacturer, High-Frequency X- 
Ray Apparatus, Dynamos and 
Motors, 500 East Water Street, 
Syracuse, N. Y. 


Nunn. Richard J., M. D. Physician, sJYork St. East, Savan- 
nah, Ga. 


Nyhan, J. T. Superintendent and Electrician, Macon 

Electric Light and Railway Co., 
Macon, Ga. 

Ockershausen, H. A. Electrical Engineer, 65 Madison Ave. 

Jersey City, N. J. 


Jan. 24, 190a 

Aug. 13, 1897 
Aug. 5, 1896 

Oct. 17, 1894 
July 12, 1887 

Feb. 27, 1895 
Sept. 6, 1887 
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Name. Address. 

Offinger, Maktim Henry Head of Electro-Mechanical Dept., 

Buffalo Commercial & Electro Me¬ 
chanical Institute, residence, 217 
E. Eagle St., Buffalo, N. Y. 

Offutt, Anderson, B.S., E.E, Assistant Electrician, South 

Eastern Tariff Ass’n. Care Under¬ 
writers Inspection Bureau, New 
Orleans, La. 


Date of Election, 


Mar. 28, 1900 


May 15, 1900 


Oi, Saitaro 

Olivetti, Camillo 
O oLGARDT, J. J. 

Ormsbee, Alex. F. 


Chief Engineer to the Bureau of Posts 
and Teiegrraphs. The Ministry of 
Communications, Tokyo, Japan. 

Ingegnere Industriale, Ivrea, Italy. 

Electrical Engineer, <Foreign Dept.) 
General Electric Co.; residence, 
Edison Hotel, Schenectady, N. Y. 

Electrical Engineer, with N. Y. and 


Dec. 

Oct. 


28, 

i7» 


1898 

1894 


April 25, 1900 



St.; residence, 183 Joralemon St., 
Brooklyn, N. Y. 

June 27, 1895 

Osborne, Loyall Allen 

Manager of Works, Westinghouse 
Electric and Mfg. Co., Pittsburg, 
Pa. 

Oct. 18, 189$ 

Osborne, Marshall 

Engineer in charge of Contracts, The 
British Thom son-licuslon Co., 83 
Cannon St., London, Eng. 

April 25, 1900 

OSTERBERG, MAX, E.E., 

A.M, Consulting Engineer, and Elec¬ 
trical Expert, Bowling Green Build¬ 
ing, New York City. 

Jan. 17, 1894 

O'Sullivan, M. J. 

Superintendent, Electric Light, B. & 0 . 
R. R. Co., Sylvan Ave. near Hazel¬ 
wood, Piitsburg, Pa. 

Mar. 20, i8gS 

Otten, Dr. Jan D, 

Director, Batavia Electrische Tram- 
Maatschappij, Van Baerlstraat 80, 
Amsterdam, Holland. 

Nov. 18, 1890 

Page, A, D. 

Assistant Manager, General Electric 
Co. Lamp Works, Harrison, N. J. 

Jan. 19, 189* 

Parke, Roderick J. 

Consulting Electrical Engineer, 409 
Temple Bldg., Toronto, Canada. 

July 26, 1900 

Parker, Herschel C. 

Tutor in Physics, Columbia University, 
21 Fort Green PI., Brooklyn, N. Y. 

April 19, 189* 

Parmi-y C. Howard, S.M., E.E. College of the City of New 

York, 17 Lexington Ave.; residence, 
524 W. 114th St., New York City. 

Feb. 21, 1893 

Parry, Evan 

Engineer,c/o. H.F, Farshall, 8 Princes 
St , Bank; residence, Sunningdale, 
Fitzgerald Ave., Mortlake, London, 
Eng. 

Sept. 25, 1895 


Parsell, Henry V. A. Jr 


Parshall, August 


Electrical and Mechanical Design¬ 
ing and Experimental Work, 129 
W. 3rst St , residence, 31 E. 21st 
St.. New York City. 

Commercial Engineer, Supply Dept. 
General Electric Co., 83 Cannon 
St., London, E. C. 


Nov. 12, 1889 


Oct. 24, 1900 
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Name. Address. 

Patton, Price I. The Bartram, 33d and Chestnut St., 

Philadelphia, Pa. 

Pearson, Fred k J. Consulting’ Electrical and Mechanical 
Engineer, Woodmen of the World 
Bldg., Omaha, Neb. 

Peck, Edward F. 187 Montague St.; residence, 700 

Nostrand Ave., Brooklyn, N. Y. 

Peirce. Arthur W. K. Consulting Electrical Engineer to the 
Consolidated Gold Fields of South 
Africa, Ltd., Box 217, Germiston, 
T ransvaal. 

FenDell, Chas. William Electrical Dept., C. & N. W. R. 

R., ioqS. Pine Ave., Austin Sta¬ 
tion, Chicago, Ill.; residence, Cle¬ 
burne. Texas. 


Peck, Edward F. 


Bate of Election, 
Mar. 20, 1895 

July 27, 1898 
May 20, 1890 


June 27, 1895 


Perkins, Frank C. 


Perry, John 


Petty, Walter M. 

Pfeiffer, Alois J. J. 

Pfund, Richard 
Phelps, Wm. J. 

Philbrick, B. W. 

Phillips, Eugene'F. 

Phillips, Leo A. 


PiLLSBURY, Chas. L. 


Pinkerton, Andrew Electrical Engineer, American Sheet 
bteelCo., Vandergrift Pa. 

Pomeroy, William D. Supt, Akron Electrical Mfe. Co. 

iro Park Place, Akron, O. 

Poole, Cecil P. Editor American Electrician, 120 

Liberty St residence, .163 W. 84th 
bt.. New York City. 

Poole, Charles Oscar Superintendent Electrical Dept Stan 
dard Electric Co.- of California, 
Crocker Bldg.;residence,452 Bryant 
bt , ban Francisco, Cal. 

POEE, Henry William Acting General Manager, Bell Tele- 
phone Co., of Buffalo ; residence. 
455 Richmond Ave, Buffalo, N.Y 


Electrical Engineer, 126 Erie C6. 
Bank, 65q Prospect Ave., Buffalo. 
N. Y. 

President of I. E. E. (England) 34 
Palace Gardens Terrace, London 
W. England. 

Superintendent Fire Alarm Telegraph. 
Rutherford, N. J. & r » 

Engineer, Thomson-Houston Co., 5 
Piazza Gastello Milano, Italy. 

601 W. 169th St., New York City. 

Meager, Phelps Manufacturing Co., 
Electrical Specialties, Elmwood, III 

Electrical Engineer for T. T. Astor 
Rhinecliff, N. Y. 

^^^erican Electrical Works, 
Phillipsdale, R. I. 

Superintendent Electrical Dept., Trade 
Dollar Consolidated Mining Co , 
Dewey, Idaho, 

Sup’t Minneapolis International Elec¬ 
tric Co., Edison Building, Sec’y 
State Board of Electricity, Minnea¬ 
polis, Minn. 


Nov. 22, 1899 


Oct. 21, 1890 


Mar. 22, 1901 

May 16, 1893 

Jan. 24, 1900 
April 18, 1893 

Mar. 25, 1896 

May 15, 1894 

July 13, 1889 


Mar. 21, 1894 


Aug. 13, 1897 
Sept. 25, 1895 
Mar. 22, 1899 


Jan. 3, 1888 


Jan, 24, 1900 


Mar. 23, 1898 
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Name. Address. 

^PoPE, Ralph Wainwright Secretary to the American Institute 
of Electrical Engineers, 26 Cortlandt 
St., (Telephone, 2199 Cortlandt), 
New York City; residence, 570 

Cherry St., Elizabeth, N. J. 

Porter, H. Hobart, Jr. Sanderson & Porter, 31, Nassau St., 
New York; residence,Lawrence,L.I. 

Powell, Percy Howard ilY. Bridgeport Brass Co.; res¬ 
idence, 530 Slate St., Bridgeport, 

Conn. 

POWELSON, "Wilfred Van Nest, Government Inspector, Elec¬ 
trical Appliances ; Lieutenant U. S. 
Navy, Navy Yard, Brooklyn, N. Y. 

Editor the Electrical Review, 13 Park 
Row, New York City; residence, 
223 Garfield Place, Brooklyn, N. Y. 

Works Manager, Union Carbide Co., 
residence, 625 Buffalo Ave., Nia¬ 
gara Falls, N, Y. 

Edison Illuminating Co., New York 
City ; residence, 868 Flatbush Ave., 
(Flatbush Station),'Brooklyn, N. Y. 

Marine Electrical Equipment, 39 Cort¬ 
landt St., New York; residence, 
Newtown, L. I., N. Y. 

Asst. Supt. Guggenheim Smelting 
Co., Perth Amboy, N. J. 

PupiN, Dr Michael I. Adjunct Professor in Mechanics, Co¬ 
lumbia University ; residence, 280 
North Broadway, Yonkers, N. Y. 

-Ramsey, Harry Nathan Draughtsman (and I>esigner) with 
Taylor Signal Co., 32 Wells St., 
Buffalo; residence, 311 East Henley 
St., Clean, N. Y. 

Columbia Incandescent Lamp Co., 
igi2 Olive St., St. Louis, Mo. 

Professor of Mechanical Engineering, 
Blacksburg, Va. 


Price, Chas. W. 


Price, Edgar F. 


Prince, J. Lloyd 


Proctor, Thos. L. 


Prosser, Herman A. 


Randall, John E. 
Randolph, L. S. 
Rathenau, Erich 
Raub, Chas. B. 
Ray, William D. 


Date of 

Election 

June 

2, 1885 

Mar. 

25, 1896 

Sept. 

25, 1895 

Jan. 

24, 1900 

Sept 

ig, 1894 

June 

27, 1895 

Feb. 

27, 1895 

April 

18, 1894 

Jan. 

26, 1898 

Mar. 

18, 1890 

May 

16, 1899 

May 

7, 1889 

Feb. 

21, 1893 


Electrical Engineer, Allg. Elektricitats 
Gesellschaft, Berlin,-Germany. 

Electrical Engineer, Thames Electric 
Co,, New London, Conn. 

1626 Marquette Building, Chicago, 
Ill. 


Nov. 20, 1895 
Nov. 22, 1899 
Sept. 27, 1892 


Read, Roibert H. 
Reed, Chas. J. 
Reed, Harry D. 


Patent Attorney, General Electric 
Co., Schenectady, N. Y. Jan. 19, 1892 


Electrician, 3313 N. l6th St., Phila¬ 
delphia, Pa. 

Superint’d’t Bishop Gutta Percha Co., 
420 East 25th St., New York City; 
residence, 88 North 9th St., New¬ 
ark, N. J. 


Mar. 5, i88g 


Sept. 19, 1894 
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ASSOCIATE MEMBERS 


Address. 

Reed, Henry A, Secretary and Manager, Bishop Gutta- 

Percha Co., 422 East 25th St., jSTew 
York City; residence, 88 North Qth 
St., Newark, N. J. 

Reed, Walter Wilson Electrical Engineer in charge of the 
electrical work of new plant 
Citizen Electric Light and Power 
Co., Houston, Texas. 


Reichmann, Fritz 
Reid, Edwin S. 


Ryerson Physical Laboratory, TJ Di¬ 
versity of Chicago. Chicago, Ill. 

General Sup't of Construction. National 
Conduit and Cable Co , 23 College 
Hill, Cannon St., E. C., London, 
Eng. 

Reilly, John C. General Supt., N. Y. & N. J. Tel. Co., 

16 Smith St., Brooklyn] N. Y. * 

Rennard. John Clifford. W. B. E. E. Consulting and Super- 
Vising Electrical Engineer, 11: Dev 
St., New York City. 

Renstrom, Frans Oscar Superintendent. The Regia Power 
Co.. Apartado 95. Pachuca. Mexico. 

Rice, Arthur L. Professor of Steam and Elect.ical Err- 

gineering, Pratt Institute, residence, 
n 4 ^Carabridge Place, Brooklyn, 


Date of Election. 

June 4, 1889 

Apr. 26, 1899 
Mar, 23, 189® 

Feb. 26, 1896 
April 15, 1884 

Jan. 16, 1895 
Feb. 28, 1900 


Rich. Francis Arthur Manager, Woodstock G. M. Co 

Karanoahake, Auckland, New Zea¬ 
land. 


Richards, Chas. W. 
Richey, Albert S. 


Ripley, Wm. Howe 
Roberson, Oliver R. 


Richards & Co.. 178 Devonshire 
residence, Needham, 

Electrician, Union 'Fraction Co of 
Indiana. 215 W. gth St., Anderson, 

A™„ c. U.B c™.,.,., 

Mechanical Engineer, Rideout & 
Gage, ior Randolph St.,Chicago,Ill. 

Ripley & Arendt, 24 Murray St. - resi- 
dewe, 17 W. 123d St.. New'Vork 

Electrician, Western Union Telegraph 
R..nn, Al„kd„.b,„, ..Ktajs,,, King,,.., 

^so^, Arthur L. Electrical Engineer, Southern Railway 
L-o., Washington, D. C. ^ 

obinson, Dwioht Parker Assistant General Manager, The 

frg) sra“i:,!^::!':‘='-'°-«^5andAve.. 


Oct. 21, 1B96 

Jan. 20, 1897 

Sept. 23, 1896 

May 18. 1897 

Aug. 5, 1896 

Feb. 17, 1897 

Dec. 20, 1893 
Nov. 22, 1899 

Apr. 26, 1901 
Sept. 6, 1887 
May 15, 1900 

Sept 25, 1895. 



ASSOCIATE MEMBERS, 


Name. Address. 

Robinson, Francis George With Metropolitaxi Street Railway 
Co.; residence, Hotel Richelieu, 
114th St. & Fifth Ave., New 
York City. 

Robinson, Gjeo. P. Ass’t Supt. L. D. Service, The Wis¬ 

consin Telephone Co., 498 Mil¬ 
waukee St., Milwaukee Wis. 

RocKWOOD, Dwight Carrinqton Student, Westinghouse Elec¬ 
tric and MT’g. Co., Box 104, Edge- 
wood Park, Pa.; residence, 954 
Main St., Buffalo, N. Y. 

Roebling, Ferdinand W. Manufacturer of Electrical Wires 
and Cables, Trenton, N. J. 

Roller, Frank W. M.E. Electrical Engineer, Machado & Roller, 
Electrical Machinery, 203 Broadway, 
N. Y.; residence, Roselle, N. J. 

Roper, Denney W. Supt. Electrical Equipment, Missouri- 
Edison Electric Co., American Cen¬ 
tral Bldg., St. Louis; residence, 
Alton, Ill. 


Rosebrugh, Thomas Reeve Lecturer in Electrical Engineering, 
School of Practical Science, 666 Spa- 
dina Ave., 'I'oronto, Ont. 

Rosenbaum, Wm. A. Electrical Expert and Patent Solicitor, 
177 Times Building, New York 
City. 

Rosenberg, E. M., J/. Residence, 138 W. 85th St., New York 
City. 

Rosenbusch, Gilbert Engineer,Sprague Electric Co.,Bloom¬ 
field; residence, South Orange, N. J. 

Ross, Taylor Wii.liam The New York Shipbuilding Co.; res¬ 
idence, 527 Linden St., Camden, 

■ N. J. 


Rossi, Harold J. C. Victoria, Tamaulipas, Mexico. 


Rowland, Arthur John Professor of Electrical Engineering, 

Drexel Institute; residence, 4510 
Osage Ave., Philadelphia, Pa. 

Rushmore, David B. AssT Electrician Stanley Elec, and 

M’f'g Co., residence. 202 South St., 
Pittsfield, Mass. 


Rushmore, Samuel W. Proprietor,Rushmore Dynamo Works. 

24 Morris St., Jersey City, N. J. 

Russell. H. A. Sales Agent, General Electric Co., 

residence, 302 Laurel St., San Fran* 
cisqo, Cala. 


Rustin, Henry Chief of the Mechanical and Electrical 

Bureau, The Pan-American Exposi¬ 
tion, Buffalo, N. Y. 


Rutherford, Walter Manager Electric Traction Dep’t, Dick 

Kerr & Co., Ltd., no Cannon St., 
London E. C., England. 


nm 

Date of Election. 

Nov. 21. 1894 
May 16, 1899 

Mar. 22, 1901 
June 8, 1887 

May 21, 1895 

June 6, 1893. 

June 26, 1891 

Jan. 3, 1889 
Oct, 21, 1890 
Sept. 28, 1898 

Mar. 25, 1896 
Oct. 24, 1900 

Sept. 19, 1894 

Sept. 25, 1895 
Mar. 28, igoo 

Nov. 22, 1899. 

Oct. 24, rgoo 

Sept. 22, 1891 


(18) 
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A. 880 C 1 ATS! MEMBERS 


Name. . 

Kv„s,„, w„. N„„„ 

Co., 146th St. and Lenox Ave.; res 
York^’ 


Sage, Henry Judson 

Sahulka, Dr. Johann 

Sanborn, Francis N. 
Sanderson, Edwin N, 

Sanville, Henry F. 
Sargent, Howard R. 


Engineers, 


Sage & Co., Electrical 
Rochester, Pa. 

Technische 

Hochschule, Vienna, Austria 
29 Wall St., New York City. 

Of Sanderson & Porter, Engineers and 
York Sty Nassau St., New 

Electrical Engineer 
Electric Co., .Spliceand Ter¬ 
minal Co, ty CortLndt St.; resi- 
dence, 213 W. 105th St., New York. 

Electrical Engineer, General Electric 
Co., residence, 23 University Place 
Schenectady, N. Y. ^ ' 

Sathii^rberg, Carl JIttph t? 

Hugo Chief Engineer. The Midvale Steel 
Co., Nicetown, Phila., Pa.; residence 

Saxblbv, Fbbbbrick £1^^' T 

® Bullock Electric 

York • ^°'’.,220 Broadway. New 

, IS.'; 

^lexanrer Chief Electridao, U. S. S 


Dato of Eloetion. 

«3, 1899 

Dec. 20, 1893 

Dec. 30 , 1893 
Nov. 24, 1891 

Oct. 17, 1894 

Eeb. 28, 1901 
Mar. 25^ 1896 
Aug. 5, 1896 


[Life Member.] 

ScHLossER, Fred. G. 
Schmidt, Chas. J. 


Y-J. J^iecrncian, U. S. S 

Chicago; residence, Reading, Pa* 

Superintendent of Electric Dept La¬ 
clede Gas Light Co., 411 N. ’nth 
St. Louis, Mo. 

In Engineering Dept, as Telephone 
Engineer, Milwaukee Electric Rail- 

Dent ^ Construction 

J-'ept., Milwaukee, Wis. 

SCHOOLFIELD, Fbank Robert Draughtsman, The United Rail¬ 
way and Electric Co., rfsoSh 

CHRbiter, Heinr. C.E. Counsellor and Attorney, 20 Nassau 
St., New York City. 

Electrical Engineer, with Bergmann 
Eiectromoteren and Dynamo Werke 
Oud^narderStrasse, 2^30, Be^t’ 

ScHlAEnHo.MARlAKoL. Chief Electrician, Compania de Luz 
Electrica, Guadalajara, Mexico. 


ScHUM, Chas. H. 


SCHURIG, EdvVARD F. 


Schwab, Martin C. 


(18) 


with Northern 
Electnc Co., 15 South St.: resi- 

more!' Md!" 


June 5, 1888 
Jan. 24, 1900 

Sept. 22, 1891 
Jan. 9, 1901 

May 16, 1899 
Jan. 17, 1893 

Feb, 23, 1898 
Apr. 26, 1899 
Feb. 28, 1900 


Nov. 18, 1896 



ASSOCIATE MEMBERS 


Name. Address. 

ScHWABE, Walter P. wSuperintendent Electrical Dept. Ruth¬ 
erford District, The Gas and Electric 
Co , of Bergen County, Rutherford, 
N. J. 

Schweitzer, Edmund Oscar, Electrical Inspector, Chicago 
Edison Co., 139 E. Adams St.; resi¬ 
dence, 1906 Oakdale Ave., Chicago, 
Ill. • 

With N. Y. C. & 11 . R. R. R. Co., 
office of A. F. A.; residence, 6g 
Ravine Ave., Yonkers, N. Y. 

Electrical Engineer. The Cutter Elec¬ 
trical and Mfg. Co., 1112 Sansom 
St., Philadelphia, Pa.; residence, 
108 West Johnson St , German¬ 
town, Pa. 

SCUDDER, Hewlett, Jr., 21 East 22d St., New York City. 


SciDMORE, Frank L. 


Scott, Wm. M. 


Searing, Lewis 


Searles, a. L. 


Sedgwick, C. E. 


See, a. B. 


Vice-President and General Manager, 
Denver Engineering Works Co., 
924 Washington Ave., Denver, Col. 

Electrical Engineer, Fort Wayne Elec¬ 
tric Works, Marquette Building, 
Chicago, Ill. 

Manager, The Hilo Electric Light Co. 
Ltd., Hilo, H. I. 

A. B. See Manufacturing Co., 220 
Broadway, New York City; resi 
dence, 107 East 19th St , (Flatbush), 
Brooklyn, N. Y. 


Selden, R. L. Jr., 
Serrell, Lemuel Wm. 


Deep River, Conn 

Mechanical and Electrical Engineer, 
99 Cedar St., New York City; resi¬ 
dence, Plainfield, N. J. 

Sethman, George Henry, Mechanical and Electrical Engineer, 
Skinner & Sethman, 2305 Boulevard 
F., Denver, Colo. 

Shaffner, S. C. Supt, and Electrician. Electric Light¬ 

ing Co. of Mobile, Box, 234, 
Mobile, Ala. 

Sharpe, E. C, c/o John A. Roebling’s Sons Co., 25 

Fremont St., San Francisco, Cal. 

Shaw, Aubrey Norman Draughtsman, A. B. See M’f’g Co., 

residence, 298 Carlton Ave., Brook¬ 
lyn, N. Y. 


Shaw, Howard Burton 


Shearer, J. FIarry 


Shepard, Roberto R. 


Professor Electrical Engineering, 
Missouri State University, Columbia, 
Mo. 

Electrical Engineer, National Electric 
Light Co., Apartado, 639 Mexico 
City, Mexico. 

Erecting Engineer. Mexican General 
Electric Co., Apartado 403, Mexico 
City, Mexico. 


789 

Date of Election. 

May ig, iSqS 

Feb. 15, 1899 
Dec. 18, 1895. 

June 23, 1897 
Nov. 22, 1899. 

April 3, 1888. 

April 18, 1894. 
Feb. 23, 1898. 

Jan. 17, 1893 
Jan. 24, 1900 

Nov. I, 1887 

Nov. 23, 1900- 

Aug. 13, 1897 
Feb. 26, 1896. 

Mar. 28, 1900- 

April 28, 1897 

Jan. 24, 1900 

Jan. 24, 1900. 


(18) 
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ASSOCIATE MEMBERS 


Name. Address. Date o£ Election. 

Shock, Thos. A. W. Gen'l Sup’t Portland General Electric 

Co., Portland, Or. Mar. 20, 1895 

Simpson, Alexander B. Electrical Engineer, 54 Maiden 

Lane, N. Y. City. May 21, 1891 

Simpson, J. Manley Assistant to General Superintendent, 

Northwestern Grass Twine Co., P. 

O. Box 2513, St Paul, Minn. Jan. 25, 1899 

SiSE, Charles F. President, Bell Telephone Co., of 

Canada, P, O. Box 2262, Montreal, 

Canada. June 8, 1887 

Skinner, Charles Edward Electrical Engineer, Westing- 
house E. & M. Co.; residence, 424 
P'ranklin Ave., Pittsburg, Pa. Apr. 26, 1899 

'Skirrow, John F. Ass't Manager, Postal Telegraph Cable 

Co., New York City; residence, 183 
N. 19th St , East Orange, N. J. Sept. 25, 1895 

Slade, Arthur J., Engineer, 289 4th Ave., New York 

City ; residence, Elmora, Elizabeth, 

N. J. Sept, ig, 1894 

Slater, Frederick R. Asst. Electrical Engineer, Manhattan 
R’way., 32 Park Place, New York ; 
residence, 153 Warburton Ave., 

Yonkers, N. Y. Oct. 17, 1894 

• Slighter, Walter I. Electrical Engineer, General Electric 
Co,; residence, 234 Union St., 

Schenectady, N. Y. April 25, 1900 

Smith, Frederick B. Electrical Specialties, 170Summer St., 

Boston, Mass. July 26, igco 

Smith, Irving B, Partner, Chas. Wirt & Co., 102S Fil¬ 
bert St., Philadelphia, Pa. May 15, 1900 

Smith, Irving Williams Electrician Bishop Gutta Percha Co., 

420 E. 25th St ; residence, 5 W. 

goth St., New York. Jan. 9, 1901 

Smith, J. Brodie General Manager, Manchester Electric 

Co. and Manchester Street Railway, 

142 Merrimack St., Manchester, 

N. H. Mar. 21, 1894 

Smitpi, Oberlin President and Mechanical Engineer, 

Ferracute Machine Co., Lochwold, 

Bridgeton, N. J. May 19, 1891 

Smith, T. Jarrard Manufacturers and Inventors’ Electric 
Co., 96 Fulton St., Tel. 838 John, 

New York City; residence, Roselle, 

N. J. April 19, 1892 

.Smith, Samuel James Salesman and Installing Engineer, 

Crocker-Wheeler Co , 202 So. Try on 

St., Charlotte, N. C. Oct. 24, 1900 

Smith, Walter Eugene Electrician, The United Electric Im¬ 
provement Co., I gth and Allegheny 
Ave., residence, 2010 Ontario St., 

Philadelphia, Pa. Feb. 28, 1900 

Smith, Waiter F. General Manager, United Gas Im¬ 
provement Co.; residence. 2010 On¬ 
tario St., Philadelphia, Pa. July 26, 1900 

(18) 



ASSOCIATE MEMBERS. 


Name. 

Smith, Wm. Lincoln 


Smith, Wm. Stuart 


Address. 

Instructor of Electrical Engineer¬ 
ing. Mass. Inst, of Technology, 
Boston, Mass.: P. O. Box 416, 
Concord, Mass, 

U. S. N., U. S. Naval Station, Cavite, 

P. I. 


Snyder, Na.thaniel Marion, County Surveyor for Scotts Bluff 

Co., Gering, Nebraska. 


Somellera, Gabriel F. 
Sowers, David W. 

Sparks, Chas. Pratt 

Spencer, Paul 

Spencer, Theodore 
Sperling, R. H. 


Partner, Salcedo & Co., Apartadoiis, 
Mexico City, Mex. 

Sup’t Buffalo Branch, New York Elec¬ 
tric Vehicle Transportation Co., 240 
W. Utica, St., residence, 67 W. 
North St., Buffalo N. Y. 

Chief Engineer, The County of Lon¬ 
don Electric Lighting Co., Surrey, 
England. 

Inspector of Electric Plants, United 
Gas Improvement Co., Broad and 
Arch Sts., Philadelphia, Pa. 

With Bell Telephone Co.,N.E.Cor. nth 
and Filbert Sts., Philadelphia, Pa. 

Assistant Engineer, British Columbia 
Electric Railway Co., Ltd., Victoria, 
B. C. 


Spiese, P'- P. Secretary, Treasurer and Manager the 

Edison Electric Illuminating Co., 
Tamaqua, Penn. 

Squier, George O. Capt., Ph . p , U. S. Signal Corps, c/o 

Chief Signal Officer, l)iv. of the 
Pacific, Manila, P. I. 


Stahl, Th. 

Stakes, D. Franklin 


Stanton, Chas. H. 


Steele, Walter D. 


Mining En^^ineer for Messrs. Schneider 
& Co., Grenoble, France. 

Electrical Expert and Salesman, c/o. 
Siemens-Halske Electric Co., of 
America, 1500 Land Title Bldg. 
Philadelphia, Pa. 

With C. H. & H. Stanton Electrical 
Contractors, 1517 "Walnut St.; resi¬ 
dence, 134 S. 3d St., Philadelphia,Pa. 

Electrical Engineer, with Westing- 
house, Church, Kerr & Co., 26 
Cortlandt St.; residence, 31 West 
32nd St., New York. 


Stern, Philip Kossuth Practicing Electrical and Mechanical 

Engineering, 130 Fulton St., N. Y. 
Stewart, John Bruce Superintendent,Electric Plant,Virginia 

Hot Springs Co., Hot Springs, Va. 


Stewart, W. M. District Inspector, New York Tele¬ 

phone Co., 30 Gold St., New York 
City. 

*Stine, Wilbur M. Professor of Engineering. Swarthm(|>re 

College, Swarthmore, Pa. 


79i 

Date of Election. 

July 18, 1899 
July 26, 1900 
Nov. 23, 1900 
April 25, 1900 

July 18, 1899 

Mar. 22, I go I 

Nov. 30, 1897 
Mar. 21, 1893 

Nov. 23, 1898 

July 26, 1900 

May 19, 1891 
Nov. 15, 1892 

Jan. 20, 1897 
Mar. 20, 1895 

April 25, 1900 
Nov. 23, 1900 
Aug. 23, 1899 

Mar. 25, 1896 
May 15, 1894 


(19) 
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ASSOCIATE MEMBERS, 


Name. 

Address. 

Date of Electioa*^ 

Stitzer, Arthur Bowers, Draughtsman,'Union Traction Co.; 

residence, 1909 N. Camac St., 
Philadelphia, Pa. 

Oct. 

24, 190a 

Stockbridge, Geo. H. 

[Life Member.] 

Patent Attorney, 120 Broadway ; 
residence, 25)4 nth Ave., near 
187th St., New York City. 

May 

34, 1887 

Stone, Charles A. 

With Firm of Stone & Webster, 93 
Federal St., Boston, Mass. 

May 

19. 1891 

Stone, Joseph P. 

c/o C. H. Stcne, Room 1233, 156 
Fifth Avenue, New York City. 

Dec. 

18, 189s 

Storer, Norman W. 

Electrical Engineer, Westinghouse 




aiXLl IVXlg. I aLLaL/UlJ^, 

residence, Edgewood, Park, Pa. 

Stout, Joseph Suydam, Jr , Inspector, Edison Electric Illumi¬ 
nating Co.; 55 Duane Sc., residence, 
35 East 67th St., New York City. 


Straus, Theodore E. 
Strauss, Herman A. 


Electrical Engineer, 13 W. Pratt St., 
residence, 12 r3 Linden Avenue. 
Baltimore, Md. 


Strauss, Herman A. Electrical Engineer, Electrical Con¬ 
struction Dept. Manhattan Railway 
Co., 32 Park Place; residence, 188 
St. Nicholas Ave , New York City. 

Strong, James Remsen President, The Tucker Electric Con- 
struction Co., 35 South William St., 
N. Y ; residence. Short Hills, N. J. 

Stuart, Harve R. Electrical Engineer, with W. E. & M. 

Co.; residence, 524 Wallace Ave., 
Wilkinsburg, Pa. 

Sturdevant, Chas. Ralph Assistant Professor of Electrical 
Engineering, Kentucky State Col* 
ege, Lexington, Ky. 

Sturtevant, Charles L. Patent Attorney, Atlantic Building 
Washington, D. C. ’ 


Stutz, Chas. C. 
Summers, Leland L. 
Swann, John Joseph 


Master Mechanic, Pittsburgh. Plate 
Glass Co., Ford City, Pa. 

Electrical Engineer, 441 The Rookery 
Chicago, HI. ^ ’ 


bwANN, John Joseph The Ingersoll - Sergeant Drill Co. 

26 Cortlandt St, New York City. 

Swenson, Bernard Victor Assistant Professor of Electrical 
Engineering, University of Wiscon¬ 
sin, 404 W. Mifflin St., Madison, 
Wis. 

Sweet, Henry N. Vice-President, residence, 449 

Washington St., Bridgeport, Conn 

SwiNTON, Alan Archibald Campbell Consulting Electrical 

St., London 

b. W. England. 

(18) 


Dec. 18, 1895 
i- 

Nov. 22, 1899 
Nov. 18, 1896 

T 

3 

. Oct. 17, 1894 

Mar. 22, 1901 

Jan. 25, 1901 

May 16, 1899 
Dec. 20, 1893 
Mar. 28, 1900 
Feb. 16, 1892 
Jan. 26, 1898 

Feb. 27, 1895 
May 20, 1890 

Mar, 22, I9<>i 



ASSOCIATE MEMBERS. 


m 


Name. 


Address. 


Date of Election. 


SwoopE, C. Walton 

Instructor, • Electrical Engineering, 
Spring Garden Institute ; residence, 

12 North 38th St., Philadelphia. Pa. 

Jan. 26, i8g8 

Swope, Gerard 

Electrical Engineer, Mercantile Elec¬ 
tric Co., 810 SpERce St., St. Louis, 
Mo. 

Apr. 26, 1899 

Syres, Henry H. 

Chief Engineer, Bell Telephone Co., of 
Mo.. Telephone Bldg., St. Louis,Mo. 

Oct. 18, 1893 

Tachihara, Jin 

Electrical Engiiieei*, Mining Dep’t, 
Mitsu Bishi Co., Tokyo, Japan. 

Jan. 26, i8g8 

Tait, Frank M. 

Superintendent, The Somerset Lighting 
Co., Somerville, N. J. 

Sept. 19, 1894 

Tapley, Walter PI. 

Electrician in Government rrinting 
Office, care of Public Printer, Wash¬ 
ington, D. C. 

Oct. 25, 1892 

Taylor, Irving A. 

McCord and Seminary Sts., Montreal, 

P. Q. 

May 17, 1898 

Taylor, Jeremy F. 

Electrician, Detroit Copper Company. 
Morenci, Arizona. 

Dec. 27, 1899 

Temple, William Cpiase Consulting Engineer, Bank of Com¬ 
merce Bldg., residence, 1090 Shady 
Ave., Pittsburg, Pa. 

May 3, 1887 

Tesla, Nikola 

Electrical Engineer and Inventor. 46 
E. Houston St., New York City. 

June 5, 1888 

Thayer, George Langstaff,^/. E., Electrical Engineer; Ore¬ 
gon Short Line R. R. Co., Geneva, 
Ind. 

Aug. 5, 1896 

Thomas, Joi-in Williams Construction Engineer, Electric 
Storage Battery Co., Hokendauqua, 
Pa. 

Mar. 22, 1901 

Thomas, Percy Holbrook, Electrical Engineering 

ment, Westinghouse E. & M. 
Company, Pittsburg, Pa. 

¥ 

Oct. 24, 1900 

Thomas, Robert McKean, E. E. Member of the firm of 
Thomas & Betts, 141 Broadway; 
residence, 135 Madison Ave., New 
York City. 

April 22, 1896 

Thompson, Alfred J. 

Manager, Electrical Dep’t. Krajewski- 
Pesant Company, O’Reilly 15, 
Havana, Cuba. 

Jan. 25, 1899 


Thompson, Ermine John In Testing Rooms Stanley Eiectric 
MT‘g. Co., i 66 Union St., Pittsfield, 

Mass. Jan, 25 » 19®^ 


Thompson, John West 
Thompson, Milton T. 


c/o Cia Industrial de Guadalajara, Box 

174, Guadalajara, Mexico. Sept, 28, 1898 

Constructing Engineer, Mexican Gen¬ 
eral Electric Co., Apartado 403, 

Mexico City, Mexico. Jan. 24, 1900 


Thompson, Silvanus P. Morland, Chislett Road, West Hamp¬ 
stead, London, N. W., England. 


Oct. 27, 1897 
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A880GIATE MEMBERS. 


Name. Address. Bate of Election. 

Thompson, Thos. Perrin Master Electrician, Construction 
Dept. Norfolk Navy Yard, Ports¬ 
mouth, Va. Jan. 25, 1899 

Thompson, Warren Ray, Assistant in Electrical Engineering 
Department, J. G. White & Com¬ 
pany, 22a College Hill, Cannon St., 

London, England. Oct. 24, 1900 

Thomson. Clarence Examiner, The Patent Office, Ottawa, 

Canada. May 15, 1900 

Thomson, Geo. Andros Special Agent, The Adams-Bagnall 
Electric Co , 136 Liberty St., New 
York; residence, Somerville, N, J. Mar. 22, 1901 

Thordarson, Chester H. Manufacturing Electrican, 128 
LaSalle Ave.; residence, 6415 Lex¬ 
ington Ave., Chicago, Ill. Dec. 18, 1895 

Thornton Kenneth Buchanan Superintendent Line Depart¬ 
ment, The Royal Electric Co., resi¬ 
dence, 840 Dorchester St. .Montreal, 



P. Q. 

Apr. 

26, I901 

Thurreil Howard F. 

General Superintendent, New York 
Telephone Co., 18 Cortlandt Street, 
New York City; residence, 49 Sidney 
Place, Brooklyn, N. Y. 

Mar. 

25, 1896 

Tidd, Gko N. 

Electrical Engineer and Manager, 
Beacon Light Co,, Chester, Pa. 

July 

to 

0 

0 

0 

Tingley, E M 

Westinghouse Elec. & M’fg. Co.; 
residence, Amber Club, Pittsburg, 

July 

12, 1900 

Toerring, C. j. 

C. J. Toerring Co., 1035 Ridge Ave., 
Philadelphia, Pa. 

April 18, 1894 

Tolmar, llarence M, 

Electrical Engineer, Deep Leads 
Transmission Co., Melbourne, Vic¬ 
toria. 

April 27, 1898 

Torchio, Philippo 

Engineering Dep’t, The Edison Elec. 
Illuminating Co., 53 Duane Street, 
New York City. 

June 

27, 1895 

Tower, George A. 

V. P. Tower, Binford Electric and 
MTg. Co., 704 E. Main St., resi¬ 
dence, 1414 Grove Ave., Richmond, 
Va. 

May 

15,1894 

Town. Frederick E. 

Civil and Electrical Engineer. Super¬ 
vising Architect's Office, Treasury 
Department, Washington, D. C. 

May 

15, 1900 

Townley, Calvert 

Manager, Boston Office Westinghouse 
Electric and MTg. Co., 53 State 
St., Boston, Mass 

Feb. 

1 

28, 1901 

Townsend, Henry C. 

Attorney and Expert in Electrical 
Cases, 141 Broadway: residence, 
354 W. 123d St., New York City. 

July 

10, 1888 

Townsend, Fitzhugh 

Electrical Engineer, ii6th Street and 
Amsterdam Ave. : residence, Union 
Club, Fifth Ave. and 21st St., New 
York City. 

Jan. 

20, 1897 


Treadwell, Augustus, Jr. E. E,, ioo Broadway, New 
York City; residence, 488 3d St., 

Brooklyn, N. Y. Feb. 21, 1894 

(18) 



ASSOCIATE MEMBERS. 


795 


Name. 

Tripier, Henri 


Trott, a. H. Hardy 

[Life Member.] 

Trudeau, J. A. G. 
Truesdell, Arthur E. 


Address. 

Counsel and Technical Engineer, of 
the Compagnie des Transports Elec- 
triques de I’Exposition. Paris, 
France; residence, 17 rue Caralloti, 
Paris, France. 

Beer, near Axminster, Devonshire, 
Eng. 

329 Kent Street, Ottawa, Canada. 

50 Brenton Terrace, Pittsfield, Mass. 


Turnbull, Wallace Rupert. Foreman of Experimental Room, 
^ General Electric Lamp Works ; res¬ 

idence, 29 S. Arlington Ave., East 
Orange, New Jersey. 

Tyng, Francis E. Manager, Eastern Engineering Co., 

164 W. 27th St., New York; resi¬ 
dence, Cranford, N.J. 

Vail, Theo. N. 26 Cortlandt St., New York City. 

Van Buren, Gurdon C. Electrical Expert, with Federal Instru¬ 
ment Co., 82 State St., Albany, 

N. Y. 


Vandegrift, James A. Treasurer and Manager, The Colorado 
Lamp Co., 2051 California St., Den¬ 
ver, Col. 

Vanderveen, Anthony R. Machinist, The South India Rail¬ 
way Co., Holland Road, Negapa- 
tam, India. 


Van Deventer. Christopher 200 Equitable Building, Boston. 

Van Vleb:t, Roy Mitchell Student, Westinghouse Electric 
and M’f'gCo., Edgewood Park, Pa.; 
residence, Port Huron, Mich. 

Van Wyck, Philip V.'R., Jr. New York Telephono Co., 15 
Dey St.; residence, Plainfield, N.J. 

Varney, Frank H. Station Foreman San Francisco Gas 
and Electric Co., 2912 Mission St., 
San Francisco, Cala. 

Varney, William Wesley City Commissioner of Baltimore, 

office. City Hall; residence 712 
N. Carey St., Baltimore, Md. 

Venable, Capt. Wm. Mayo The National Contracting Co,, 70 

Kilby St., Boston, Mass. 

Westinghouse Electric and Mfg. Co., 
Pittsburg, Pa. 

Foreman Knob. Dept. .Sargent Co.; 
residence, 89 Pearl St., New Haven, 
Conn. 

Professor of Electricity, Technical 
University, Schwanthalerstrasse, 
Munchen, Germany. 

Ass’t Engineer, Crocker-Wheeler 
Co., Ampere, N. J. 

Gen. Supt., Missouri, Edison Elec¬ 
tric Co., and also with Wagner Elec¬ 
tric Mfg. Co., 415 Locust St., St. 
Louis, Mo. 


ViEHE, J. S. 

ViNTEN, Ernest Stiles 

VoiT, Dr. Ernst 


Vreeland, F. K. 
Wagner, Herbert A. 

<2I) 


Date of Election. 

Sept. 28, 1898 

Jan. 20, 1891 
May 15, 190® 
Feb. 15, 1899 

May 17, 1898 

Dec. 28, 1898 
April 15, 1884 

Oct. 25, 1S92 

Nov. 24, 1891 

Jan. 9, 1901 
Feb. 17, 1897 

Mar. 22, 1901 
April 21, 1891 

July 26, 1900 

Nov. 21, 1894 
Nov 30, 1897 
May 15, 1900 

April 27, 1898 

Mar. 21, 1894 
Oct. 26, 1898 

Sept. 28, 1898 
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ASSOGIATB MEMBERS. 


Name. Address. 

Walkem, George Alexander, Electrical and Mechanical En¬ 
gineer, P. O. Box 595, Vancouver, 

B. C. 


Wallace, Chas. F. 

Wallace, William 
Wallau, Herman L. 

Waller, Chas. Waite 


Engineer, Stone and Webster, 93 Fed¬ 
eral St., Boston; residence, Welles¬ 
ley Hills, Mass. 

The Portland, Washington, D. C. 

Electrical Engineer, Westinghouse 
Electric and Mfg. Co., Pittsburg, 
Hotel Seger, Turtle Creek, Pa. 

Sales Agent, General Electric Co., 
Claus Spreckels B’ld’g, San Francis¬ 
co, Cal. 


Walmsley, WalterNewbold, 1002 Plarrison Bldg., 
phia, Pa. 

Warner, Chas. H. 


Philadel- 


Consulting Electrical Engineer, 764 
Rock St., Fall River, Mass. 

Warren, Aldred Kennedy^ Electrical Engineer, 120 Liberty 
St., New York ; residence 114 E. 
17th St., New York City. 

Wason, Chas. W, 


President and Purchasing Agent, 
Cleveland, Painesville and Eastern 
R. R., Purchasing Agent. Akron, 
Bedford and Cleveland R. R., 616 
Garfield Bldg., Cleveland, O. 

Assistant Electrician, Consolidated 
Telegraph and Electrical Subway 
Co., 55 Duane St , New York City- 
residence. 177 Lefferts Place, Brook¬ 
lyn, N. Y. 

General Electric Co., 44 Broad St. 
New York City. ’ 

International Correspondence Schools- 
residence, 225 Jefferson Avenue,’ 
Scranton, Pa. 

Professor of Electrical Engineering 
University of Maine, Orono, Maine. 

Webber, Charles Edmond Major General, C. B. (ret.) R E. 

Past President and Member of 
Council, Institution of Electrical 
Engineers, 17 Egerton Gardens, 
London, England. 


Waterman, Marcus B. 


Waters, Edward G. 


Webb, Henry Stores 

[Life Member.] 


Webb, Howard Soott 


Dare of Election, 
Nov. 23, 1900 

Nov. 18, i8g6 
April 15, 1884 

May 15, 1900 

Au^f. 23, 1899 
Oct. 24, 1900 
Dec. 20, 1893 

Nov. 20, 1895 

May 19, 1891 

Feb. 15, 1896 
Mar. i8, 1890 

Nov. 20, 1895 
Oct. 24, 1900 


Webster, Edwin S 
Welles, Francis R. 


Firm of Stone & Webster, 93 Federal 
ot., Boston, Mass. 

Manufacturer, 46 Avenue de Breteuil 
Pans, France. 

Wells. .Walter Farrington Supt 3 rd Dist., Edison Electric 

Illuminating Co., 55 Duane St., 
residence, 69 East gad St., New 
York, N. Y. 


West, Julius Henrik 


Engineer Handjery St., 58 Friedenau, 
-Derlin, Germany. 


Jan. 9, 1901 
April 21, 1891 
Sept. 6, 1887 ’ 

I . 

Apr. 26, 1899 
Sept. 20, 1893 
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Name. 

Weston, Sydney F. 


Wheiddon, Louis B. 
Whitaker, S. Edgar 


White, Chas. G. 


Address. 

Assistant Engineer, Waldorf-Astoria 
Hotel; residence, 330 W. 33d St., 
New York City. 

Contractor and Expert, 1010 Ex¬ 
change Building, Boston, Mass. 

Superintendent and General Manager 
of the Portland and Yarmouth Elec¬ 
tric Railway Co., 440 Congress St., 
residence, 221 Cumberland St., 
Portland, Me. 

Public Schools Sup’t, and Instructor 
in Physics and Chemistry, Lake 
Linden, Mich. 


Whitehead, John B., Jr., Associate in Applied Electricity, 

Johns-Hopkins University, Balti¬ 
more, Md. 


Whiting, Allen H. 


Whiting, S- E. 


Whitmore, W, G. 


Assistant Engineer, Riker Electric 
Vehicle Co., Elizabethport, N. J. 
residence, 320 Lexington Ave., 
New York City. 

Assistant in Electrical Dep’t., Harvard 
University; residence, ii Ware St., 
Cambridge, Mass. 

Electrical Engineer, General Electric 
Co., Edison Building, Box 3067, 
New York City. 


Whitney, Clinton Eugene Electrical and Mechanical En¬ 
gineer, 61 W. 114th St., New 
York City. 


Whitney, ILenry M. 95 Milk St., Boston, Mass. 

[Life Member.! 

Whitted, Thos. Byrd District Engineer,* The General Elec¬ 
tric Co., Denver, Col. 


WiDDicoMBE, Robert A. Engineer, Western Electric Co.: 

residence, 1653 Roscoe St., Chi¬ 
cago, Ill. 

WiEDERHOLD, Oscar Supt. Natural Light Supply Co., 90 

Orange St., residence, 14 Grace St., 
Bloomfield, N. J. 

WiESELGREEN, Carl Emil Allgemeine Electricitats Gesell- 

schaft, Brunnenstrasse, Berlin, Ger. 

Electrical Engineer, 50 Broadway, 
New York City. 

Manager, Standard Underground 
Cable Co., 56 Liberty St., New 
York, residence, Arlington, N. J. 

Scientific Expert, 43 E. 19th St., New 
York City. 

Engineer, D. H. Burnham & Co., 
1142 The Rookery, Chicago, Ill. 

General Inspector, The Edison Elec¬ 
tric Illuminating Co., of New York; 
residence, 155 Linden Boulevard, 
Brooklyn, N. Y. 


WiGHTMAN, Merle J. 
Wiley, Geo. Lourie 

Wiley, Wm. H. 
Wilkes, C. M., 
Williams, Arthur 


Date of Election. 

July 12, 1900 
Oct. 24, 1900 

Aug. 5, 1896 
Sept. 23, 1896 
Oct. 24, 1900 

Nov. 18, 1896 

]\Tay 16, 1899 

Mar. 18, 1890 

Nov. 22, 1899 
July 12, 1887 

Mar. 22, 1899 

Apr. 26, 1899 

Aug. 13, 1897 
Oct. 24, 1900 
Mar. 5, i88g 

Feb. 28, X900 
Feb. 7 f 1888 
Nov. 22, 1899 

June 23,1897 


(19) 
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ASSOCIATE MEMBEBS. 


Name. Address. 

Williams, Charles Jr, Electrician, i Arlington Street, East 
Somerville, Mass. 

Williams, Geo. Henry Lulworth, St. Andrews Park, Bristol, 
England. 

Williams, William Henry Professor of Mechanical and Elec¬ 
trical Engineering. Montana State 
College, Bozeman, Mont. 

Wilson, Chester P. Chief Engineer, The Milwaukee Elec- 
trie Railway and Light Co., 451 
Broadway, Milwaukee, Wis. 

Wilson, Howard S. Superintendent Puebla Electric Light 
Co., Puebla, Mexico. 

Wilson, Robert M. Faculty of Applied Science, McGill 
University ; residence, 23 Seymour 
Ave., Montreal, P. Q. 

WiNAND, Paul A. N. Engineer and Supt., Schleicher, 
Schumm & Co., 3200 Arch St.. 
Philadelphia, Pa. 

Winchester, Samuel B. Superintendent Electrical Depart¬ 
ment, of the Holyoke Water Power 
Co., 5 Laurel St., Holyoke, Mass. 


Winfield, James H. 
Winslow, I. E. 


Sup’t Eastern Division, Nova Scotia 
Telephone, Ltd., Halifax. N. S. 

The General Traction Company, Ltd., 
35 Parliament Street, Westminster, 
London, Eng. 


Date of Election 
April 15, 1884 
Oct. 27, 1897 

Sept. 28, 1898 

Sep. 25, 1895 
Aug. 23, 1899 

Jan. 25, TS09 

June 20, 1894 

May 15, 1894 
May 17, rSgS 

Nov. 12, 1889 


Wintringham, J. P. 
Wirt, Herbert C. 


Theorist, 36 Pine St., Cable address, 

“Atlantic Scrip,’’ New York City, 

and 153 Henry St., Brooklyn, N.Y. May 7, iS8g 

Engineer, Supply Department, General 
Electric Co., Schenectady, N. Y. June 26, 1891 


Wise, John Shreeve, Jr., Electrician The Pa. Mfg. Light and 
Power Co.; residence, 2023 Mt 
Vernon St., Philadelphia, Pa. Feb. 15, rSgg 


Wolf, Lee H. 


Contracting and Engineering, Hono¬ 
lulu, H. I. 


Oct. 


24, 1900 


Wolff, Frank A. Jr. . Professor of Physics and Electrical 
Engineering. Corcoran Scientific 
School Columbian University, and 
in office U. S. Standard Weights 
and Measures. Washington, D. C. Dec. 27, 1899 

Wood, Arthur Bryant 521 Summit Ave., Schenectady, N.Y. Jan. 9, 1901 

WOODBRIDGE, J. E. Rmlway Engineering Department, 

General Electric Co., Schenectady, 

Oct. 26, 1898 

Woodward, Wm. Carpenter Electrical Engineer, Narra- 
gansett Electric Lighting Co., 60 
Weybosset St., residence, 5 Charles 

(,8) ■ P"°^‘dence. R. 1 . Nov. 18, 1896 
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Name. Address. Date of Eicctica 

Wood'WORTH, Geo, K Assistant Examiner, U. S. Patent 

Office; residence, 1424 S St., N. W., 

Washington, D. C. Feb. 17, 1897 


Woodworth, Philip Bell, Professor of Electrical Engineer¬ 
ing, Lewis Institute, Chicago; resi¬ 
dence, 5808 Ohio St., Austin, III. July 12, 1900 


Wooi-F, Albert E. 
WORSWICK, A. E. 
Wray, J. Glen 
Yarnall, Vernon H. 
Young, Charles I. 
Yslas, Carlos 
Zabel, Max W, 

Zahm, a. Wilford 


Electrician and Inventor, The Electro¬ 
zone Co , 415 Lexington Ave., New 
York City. Sept. 16, 189© 

Vice-President and Resident Engineer 
F. C. D., 3rd Calla de las Artes, 

Mexico City. Sept. 20, 189$ 


Superintendent of Maintenance, Chi¬ 
cago Telephone Co., 203 Washing¬ 
ton St., Chicago, Ill. Sept. 20, 1893 

Eastern Manager McRoy Clay Works, 

302 Broadway, Room 907, New 

York City. May 16, 1893 

Electrical Engineer, Westinghouse 
. Elec. & Mfg. Co., 120 Broadway, 

New York City. June 27, 1895 


Electrical Engineer and General 
Manager, Compania Telefonica 
Nacional, Jalapa, Ver. Mexico. 

Draughtsman and Student of Patent 
Law with John A. Brown & Cragg, 
1450 Manadnock Bg., residence, 
454 North Aye., Chicago, Ill. 

Electrical Engineer and Supt., Man¬ 
hattan Light, Pleat and Power Co., 
Manhattan Building, St. Paul, Minn. 


Nov. 18, 1896 


Jan. 24, 1900 


Nov. 23, 1898 


Zalinski, Edmund L. 


Captain of Artillery, U. S. A., 
(retired), The Century, 7 West 43d 
St., New York City. 


Zani, Arnaldo 


Zapata, J. M. 

(13) 


p. Electrical Engineer, Thomson- 

Houston Co., Piazza Cartello 5, 
Milano, Italy. 

Constructing Engineer, The Mexican 
General Electric Co., Apartado 403, 
Mexico City. 

Associate Members, . - - . 


May I7» 

July 12, 1900 

Feb. 28, 1900 
880 


OFFICIAL STENOGRAPHER 


Ryak. Richard W Room 178. 

. Residence, 125 W. 80th bt, JNew vorx »^uy. 


SUMMARY. 


387 


880 


Honorary Members, 
Members, - 
Associate Members, 


Total 


1269 
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NORTH AMERICA. 


UNITED STATES. 


ALABAMA. 

Birmingham. —Harris, G. H. 
Mobile. —ShafJner, S. C. 
Montgomery.— Jones, H. C. 


ARIZONA. 
Morend, Taylor, J. F. 


ARKANSAS. 

Fayetteville.— Gladson, W. N. 


CALIFORNIA. 
Bakersfield.— Bowie, A. J. Jr. 
Berkeley.— 

Babson, A. C. 

Cory, Prof. C. L. 

Lc Conte, Joseph N. 

Lynn, W. A. 

Mortimer, Jas. D. 

Bodie. —Downing, P. M. 

Long Beach.— Griffes, E. V. 
Haywards.— Clement, L. M. 
Jackson.— Fry, D. H. 

Marysville.— 

Boyd, J. D. 

TheberathjT. E. 

Nevada City.— Hancock, L. M. 
Oakland.— 


San Francisco. 

Allen, W. H., 331 Pine St. 

Barbour, Fred F., Claus Spreckels Bg. 
Broili, Frank, 154 Hickory Ave. 
Daggett, R. JB., 42 Nevada Block. 
Foster, S. L., Market & Valencia, 
Glass, Louis. Telephone Bldg. 
Greenwood, F. A., 409 Market St. 
Hanscom, W. W., 612 O’Farrell St. 
Henry, G. J., Jr., 127 Main St. 
Hewitt, Wm. R., g Brenham Place 
Hitzeroth, L. D., 229 Stevenson St. 
Hunt, A. M., 331 Pine St. 

Lee, F. V. T., 33 New Montgomery 
I Lightbipe, Jas. A., Claus Spreckels Bg. 
Low,^ George P., 320 California St. 
Martin, John, 33 New Montgomery 
Masson, R. S., 327 Market St. 
Meredith, Wynn, 331 Pine St. 

Molera, E. J. 2025 Sacramento St. 
Napthaly, S. L., 500 Parrott B’Id’g 
Poole. C. O., Crocker B’ld g. 

Ridley, A. E. B., 598 Parrott B’ldV 
Russell, FI. A., 302 Laurel St. 

Sharp-', E, C., 25 Fremont St. 

Smith, F. E., 183 Jessie St. 

Varney, F. H., 2912 Mission St. 

Waller, C. W., Claus Spreckels B’ld'g 

27 

Stanford University.— 

Baum, F. G. 

Copeland, C. A. j 

Stockton.— Adams, F. P. 


COLORADO. 

Aspen.—Doolittle, Clarence E. 
Boulder,—Ford, A. H. 


Gaytes, Herbert, 395 Vernon St. 
Holberton, G. C.,Gas Light & Heat Co. 

Oroville, Montague, R. L. ^ 

Riverside. — Henderson, H. B. 

Sacramento.— 

Crowell, Robinson 

Hutton, C. W. 2 

800 


Lanon City.—Wilcox, N. T. 
Denver. 

Searing, L,, 924 Washington Ave, 
Sethman, G. H., 2305 Boulevard F. 
Stearns, J. W. Jr., Mountain Elec. Co. 
Vandegrif^ J. A., 2051 California St. 
Whitted, T. B., Kittredge B’ld'g. 5 

Silverton. —Holt, M.B. 
Telluride.— Nunn, Paul N 



‘Conmcticut, Delaware, DU, of Columbia, Florida, Georgia, Idaho, lllinoU, 801 


CONNECTICUT. 
Ansonia.—Grower, George. G. 
Bridgeport. 

Crocker. E. C., 2 g Harriet 

Powell P. H., 530 ^tate 

Sweet, H. N., 449 Washington Ave. 

3 

Deep River.—Selden, R. L. Jr. 
Hartford. 

Condict, G. H., Col. & Elec.Vehicle Co. 
Corson, W, R. C., 127 Oxford St. 

Robb, Prof. Wm. L., Trinity College. 
Sachs, Jos., The Johns-Pratt Co. 
Strong, F. G., Box 959. 

Waring, John, 31 Russ St. 

6 

Middletown. 

Raub, C. B. 

Rosa, E. B. 2 

New London.—Storrs, PI. A. 

New Haven. 

Boynton. E. C., N.Y.N.H. & H.R.R. 
Heft, N. H. 

Vinton, E. S., Sargent & Co. 

3 

South Norwalk. —Winchester,A.E. 
South Manchester.—Adams, J. L. 
Windsor.—Heath, Harry E. 


DELAWARE. 

Wilmington.—Van Trump, C. R. 

Wilm City Elec. Co. 


district of COLUMBIA. 

Washington. 

Allen, W. C.. District Bld^g 
Berliner. Emile, Columbia Road 
Betts, Philander, Bur. Yards & Docks. 
Bliss, L D-, 614 i2th St. 

Chappell,W.E., U.S.S.Chicago,U.S.N. 
Crosby, O. T., 1417 G^St. 

Dieterich, F. G., 602 F St. 

Fessenden. R. , Weather Bureau. 
Freeman, PYank L., 931 F St. 

Hopkins, N.M., Columbian University. 
Ives, E. B., c/o War Dept. 

Jackson, W. S., 325 Spruce St. 

Lyons, Joseph, 908 G St. 

Mauro, Philip. 620 F St. 

Maynard, G. C., Smithsonian Inst. 
Morgan, C. H., Patent Office. 
Robinson, A. L., Southern R'w’y Co. 
Roller, J. E., U. S. Navy Dept. 
Saylor, F. A., U. S. S., Chicago. 

Shea, D. W., Catholic University^ 
Sturtevant, Charles L., Atlantic B’ldg. 
Tapley, W. H., Gov. Printing Office 
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Washington.—Continued. 

Town, F. E., Treasury DepT. 

Wallace, Wm., The Portland. 

Wolff, F. A. Jr., Columbian Univ’y. 
Woodworth, G. K., 1424 S St., N. W. 

26 


FLORIDA 

Jacksonville.—Hammatt, C. S. 


GEORGIA. 


Atlanta. 

Bryan, R. R.. 1018 Prudential B’ld’g. 
Burkett, C. W., 3-21 Austell Building. 
Schoen, A. M., 339 Equitable B’ld’g. 
Wotton, J. A., Box 543. 4 

Augusta. 

Edwards, Jas. P. 

Moore, W. E. 


Columbus.—Boileau, W. E. 
Macon.—Nyhan, J. T. 
Savannah.—N unn, Richard 


IDAHO. 

Dewey.—Phillips, L. A 


ILLINOIS. 

Alton. 

Porter, J. F., 205 Market St. 

Chicago. 

Abbott, Arthur V., 203 Washington St. 
Armstrong, C. G., Fisher B’ld’g 
Arnold, Bion J., i‘; 4 i Marquette B Id g 
Badt, Lt. Francis B., 1504 Monadnock 
Ball, W. D., 614 Rookery. 

Barnett, C. P., 41st St. & Ashland Ave. 
Barton. Enos M., 259 South Clinton St. 
Boggs L. S., 1000 Isabella Bldg. 
Brinckerhoff, H. M., looi Royal In¬ 
surance Bldg. 

Brown, C. L., 121T Monadnock B id g 
Crandall, Chester D., 259 S. Clinton St. 
Crozier, A. B., 41st St. cS: Ashland Ave. 
Damon, G. A., 1541 Marquette B’ld’g 
de Khotinsky, A., Jefferson Ave. 

Domraerque,F.J.,Congress & Green Sts. 
Dunbar, F. W., Congress & Green Sts. 
Duncan, Thomas, Grant Works. 

Eddy, PI. C., Lees Building 
Etheridge. Locke, loor Monadnock 
Frantzen, Arthur, 225 Dearborn St.^ 
Goltz, Wm., 1*^04 Monadnock B'ld’g 
Hartwell. Arthur, 171 La Salle St. 
Haskins. Clark C., 682a W. Adams St. 
Plaubrich, A. M., 1309 Ashland Block. 
Hellick. C. G., 203 Washington St. 
Hibbard, Angus S. 203 Washington St. 
Huguet, C. K., 731 Jackson Boulevard 
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Insull, Samuel, 139 Adams St. 

Kinsley, Carl, 203 Washington St. 
Knox, G. W., 2329 Magnolia Ave. 
Kreidler, W. A.. 510 Marquette B’ld’g 
Lansingh, V. R., 259 S. Clinton St. 
Lyman, James, Monadnock B’ld'g 
Macomber, I. J., Armour Inst. 

Mayer, G. M., 1401 Monadnock BJd'g. 
Miller, K. B., Congress & Green Sts. 
Morehead, J. M., 157 Michigan Ave* 
Neiler, S. G., 1409 Manhattan B’ld’g 
Neurath, M.M., 1444 Monadnock B’ld’g 
O’Connell, J. J., 203 Washington St. 
Pen Dell, C. W., 109 S. Pine Ave., 
Austin Sta. 

Pierce, R. H., 1409 Manhattan B’ld’g 
Ray, W. D , 1626 Marquette B’ld’g. 
Reichmann, F., University of Chicago. 
Richardson, R. E., r409 Manhattan Bg. 
Rideout, A. C., 10 e Randolph St. 
Schw.utzer, E. O., 139 Adams St. 
Searles, A. L., Marquette B’id*g 
Summers, Leland L., 441 Rookery 
Thordarsson, C. H., 128 LaSalle Ave. 
Wait, Henry H., 259 So. Clinton St. 
Warner. E. P., 259 So. Clinton St. 
Widdicombe, R. A., 259 S. Clinton St. 
Wilkes, C. M., 1142 The Rookery 
Woodworth, P. B., Lewis Inst. 

Wray, J. G., 203 Washington St. 

Zabel, M. W. 1450 Monadnock B'ld’g. 
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Elmwood.— Phelps, W. J. 
Maywood.— Kennedy, A. P. 

Oak Park.— 

Bentley, M. H., 221 N. Scoviile Ave. 
Peoria—Gutmann, L. 

Quincy.— Chubbuck, H. E. 

Urbana. 

Aldrich, W. S. 

Browne, W. PI., Jr. 

Esty, William. 

q 

Winnetka.— Herdman, F. E. 


INDIANA. 

Anderson.— Richey, A. S. 

Fort Wayne. 

Barnes, Edw. A. Ft Wayne Electric Co. 
Crawford, D. F., P. R. R. 

Hadley, A. L., Ft. Wayne Elec. Works 
Hunting, F. S., 325 W. WashingtonSt. 

4 

Indianapolis.— 

Green, E. C., 1710 Prospect St. 

Marsh, H, B., 8 West Market St. 

2 I 


Geneva.— 

MacFadden, C. K. 

Thayer, G. L., 

Lafayette. 

Esterline, J. W., Purdue University. 
Marshall, Cloyd 

Goldsborough, W. E., 113 South St. 
Matthews, C. P., 168 Pierce St. ' 

Terre Haute. 

Balsley, Abe, 118 No. 9th St. 


IOWA. 

Ames. —Lanphear, B. S. 

Fort Dodge. —Cunningham, E. R.. 
Montezuma. —Mortland, J. A. 


KANSAS. 

Topeka.—McVay, H. D. 
Wichita.—Baker, A. O. 


KENTUCKY. 
Lexington. — Sturdevant, C. R. 
Louisville. 

Hubley, G. W., 8th and Greene Sts. 
McLeod, Geo., 29th & High Sts. z 


LOUISIANA. 

New Orleans. 

Ayres, Brown, Tulane University. 
Carroll, Leigh, 708 Union St. 

Offutt, A., Und. Inspection Bur. 5 

MAINE. 

Lewiston. —Robinson, Almon 
Orono. —Webb, Howard S. 
Portland. 

Mather, E. H. 

Whitaker, S. E., 440 Congress St. 2- 

MARYLAND. 
Annapolis.— Dodge, 0 . G. 
Baltimore. 

Brackett, B. B., 916 McCulIoh St. 
Browne, S. H.. Md. Tel. B’ld’g 
Ellard, John W.,506 Merchants B’k Bg. 
Hall, Clayton C., 10 South St. 

Holmes, G. R , 215 No. Calvert 5 t. 
Keilholtz. P. O., 330 No. Charles St. 
McCay, H. K., 106 E. German St. 
Morrison, J. Frank, 15 South St. 
Schoolfield, F. R., 738 W. Fayette St. 
Schwab, M. C. 1729 Madison Ave 
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Maryland^ Massachusetts, Michigan. 
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Baltimore.—Continued. 

Scott, J. B., 227 E. German St. 

Straus, Theo., 13 W. Pratt St. 

Varney, W. W.. 712 N. Carey St. 
Whitehead, J. B. Jr., John Hopk’s Un. 
Young, W. D., Roland Park 15 


MASSACHUSETTS. 
Amherst.—Barry, David 
Andover.—Coleman, W. H. 
Auburndale.—Blake, Francis 
Boston. 

Adams, A. D., Box 1377 
Archer, G. F., 284 Marlboro St. 
Bancroft, C. F., 14 Kilby St. 

Blodgett, Geo. W., B. & A. R. R. 
Blood, J. B.. 22A Equitable B’ld’g 
Brophy, Wm., ii Wareham St. 

Burleigh, Chas, B., 200 Summer St. 
Cabot, F. E., 55 Kilby St. 

Childs, A. E., 23 Centre St. 

Codman, J. S.. 31 Milk St. 

Coffin, Chas. A., 180 Summer St. 

Cross, Chas. R., Mass. Inst. Tech. 
Davenport, Geo. W.., 183 Essex St. 
Davis, P. W., Elec. Slor. Bat. Co. 
Doolittle, Thos. B., I2q Milk St. 

Edgar, C. L., 5 Head Place 
Erickson, F. Wm., 71 Federal St. 

Ford, Wm. S., Room'73, 125 Milk St. 
Garratt, A. V., 61 Hampshire St. 
Goddard. C. M., 55 Kilby St. 
Greenleaf, L. S., 15 Oliver St. 
Hamilton, Jas., 53 State St. ^ 

Hayes, Hammond V., 125 Milk St. 
Herrick. Charles H., 3 Head Place 
Hosmer, Sidney, Ames Building 
Le Clear, Gifford, 15 Exchange St.- 
Lee, J. C.. 125 Milk St. 

Lockwood, Thomas D., 125 Milk St. 
Mansfield, A. N., 125 iilk St. 

Paine. Sidney B., 180 Summer St. 
Puffer, Wm. L,. Mass. Inst, of Tech. 
Richards, C. W., 178 Devonshire St. 
Robb, Russell, 93 Federal St. 

Ross, Norman N., c/o General P. O. 
Smith, W. L., Mass. Inst, of Tech. 
Smith, F. B., 170 Summer St. 
Spaulding, H. C , 410 Exchange B’ld'g. 
Stearns, C. K., 93 Federal St. 

Stone, Charles A., 93 Federal St. 
Taintor, Giles, 125 Milk St. 

Townley, C.,33 State St. 

VanDeventer, C., 200 Equitable B^ld’g. 
Venable, W. M., 70 Kilby St. 

Wallace, C. F., 93 Federal St. 

Webster, Edwin S., 93 Federal St. 
Whieldon, L. B., loio Exchange Bldg. 
Whitnev, Henry M., 95 Milk St. 47 
Brighton.—Baldwin, J. C. T. 
Brookline.—Fleming, J. F. 

(98) 


Cambridge. 

Adams, C. A.. Jr., 13 Farrar St. 

Ayer. Jas. I., Franklin & Sidney Sts. 
Clark, W. E., T400 Mass. Ave. 

Whiting, S. E., ii Ware St. 

4 

Cambridgeport. —Hopewell, C. F. 

Danvers.—Hood, R. O. 

East Saugus. —Fog, C. F. 

East Somerville. —Williams C., Jr. 
Fall River. —Warner, C. H. 

Great Barrington. —Stanley, Wm. 

Holyoke.—Winchester, S. B. 

g Laurel St. 

Hudson. —Lawrence, W. G. 

Jamaica Plain. —Balcome, H. A. 
Lawrence. —Humphreys, C. J. R. 
Lynn. 

Boyer, E. E., Genl Electric Co. 

Fish, Walter C., 

Hopkins, N. S., “ “ 

Lemp, H. Jr., “ “ 

Thomson, Elihu, “ “ 

6 ’ 

Marblehead. —Graves, C. B. 
Marlborough. —Doane, S. E. 
Natick. 

Appleyard, A. E. 

Gale, H. B. » 

Newton Centre. —Bell, Louis 
Pittsfield. 

Bergenthal, V. W., Stanley Electric Co. 
Chesney, C. C., “ “ 

Heitmann, E. Jr., “ 

Jackson, W.B. 

Kelly, J. F., 

Perrine, F. A. C., “ 

Rushmore, D. B., “ “ 

Thompson, E. J., “ 

Truesdell, A. E., 50 Brenton Terrace. 

Springfield. 9 

Anderson, H. S., United E. L. Co. 
Hyde, Jerome W.. Wason Building » 

Worcester. 

Haskins, W. E., Am. Steel & Wire Co. 
Tones, F. R., Polytechnic Inst. 
Latham, H.M., Am. Steel and Wire Co. 
Smith, H. B., Polytechnic Inst. 

4 


MICHIGAN 

Ann Arbor.— 

Carhart, H. S. 

Bay City.—Fitzhugh, W. H. 
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Detroit. 

Blades, Harry H., 4x9 Cass Ave. 

Dow Alex, 18 Washington Ave. 

Field, H. G.,1203 Majestic B’ld'g 
Jackson, E. D., 82 Beech St. 

Livsey, J. H., 704 Chamber of Com. 
Stewart, R. S., 440 Jefferson Ave. 6 
Grand Rapids.—*Cody, L. P., 

9 So. Division St. 

Lake Linden.—White, C. G. 
Rochester.—Mole, H. E. 

MINNESOTA. 

Minneapolis. 

Burch, E. P., 1210 Guaranty B’ld’g. 
Flather, J. J., Univ. of Minn. 

Kelsey, J. C., N. W.Tel. Ex. Co. 
Pillsbury, C. L*., Lumber^ Exchange. 
Shephardson, G. D.. Univ. of Minn. 
Springer, F. W., Univ. of Minn. 

' 6 

St. Paul. 

Gilie, H. J., St. Paul Gas Light Co. 
Simpson, J. M., Grass Twine Co. 
Zahm, A. W., Manhattan B’ld'g 

f 

Willmar.—Johnson, A. C. 


MISSISSIPPI. 

University;—Anderson, D. S. 


MISSOURI. 

Columbia.—Shaw, H. B. 

Kansas City. 

■ Kent, J. M., M. T. High School. 
Morgan, J. L., City Hall. 

Weeks, E. K., 608 New Nelson B’ld’g. 

St. Louis. 3 

Durant, Geo. F., Telephone B’ld’g 
Cartels, W. L., 3 Franklin Bk. Bldg. 
Hessenbruch, G. S., 205 Union Station 
Terminal. 

Humphrey, H.H., 1305 Chemical B’ld'g. 
Klauder, R. H., 817 Wainwright Bldg. 
Layman, W. A., 2017 Locust St. 
Randall, J. E., 1912 Olive St. 

Roper, D. W., 19th & Gratiot Sts. 
Schlosser, F. G.. 411 No. nth St. 
Schwedtmann. F., 2017 Locust St. 
Swope, Gerard, 810 Spruce St. 

Sykes, 11. H., Telephone Building 
Wagner, H. A., 415 Locust St. 13 


MONTANA. 

Anaconda.—Magnus, B. 

Bozeman.—Williams, W. H. 
Canyon Ferry.—Gerry, M. H., Jr., 
Great Falls.—Morrow, John T. 


NEBRASKA. 
Gering.—Snyder, N. M. 
Lincoln.—Brooks, Morgan. 
Omaha. 

Pearson, F. J., Woodmen Bldg. 
Schurig. E. F., 306 City Hall 


NEVADA. 

Virginia City.—Fielding, Frank E. 


NEW HAMPSHIRE. 
Concord.—Albin, H. A. 
Manchester. 

Clough, A. L., Box 114 

Smith, J. Brodie. 142 Merrimack St. 


NEW JERSEY. 

Ampere. 

Archibald, E. M., Crocker-Wheeler Co. 
Dowie, Horace, “ “ 

Dunn, G. S., “ “ 

Henshaw, F. V., 

Vreeland, F. K., “ “ 

Wheeler, S. S., 

6 

Arlington.—Keith, N. S. 

Bayonne.—Chamberlain, J. 
Bloomfield.—Rosenbusch, G., 
Wiederhold, O., 90 Orange St. 2 

Bridgeton.—Smith, Oberlin 
Camden.— 

Harrington, Walter E. 

Ross, T. W., 556 Federal St. 2 

East Orange. 

Jackson, F. E., 61 So. Grove St. 
Turnbull, W. R., 29 So. Arlington Ave. 

3 

Elizabeth. 

Diehl, Philip. Diehl M'f’g Co. 

Bennett, E. H.. Tr., Singer M'f'g Co. 
•Miller, H. S., Diehl M’fg Co. 

Riker, A. L., Riker Elec. Vehicle Co. 
Whiting, A. H., “ “ 

5 

Garwood.—Fowler, Geo. W. 
Harrison. 

Howell, J. W. 

Howell, Wilson S. 

Marshall. J. T. 

Page, A. D. 4 
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Hoboken. 

Cuntz, Johannes H., 325 Hudson St. 
Denton, J. E., Stevens Institute 
Ganz, A. F., 

Geyer, Wm. E., 

Morton, Henrv “ ** 

5 

Jersey City. 

Ockershausen, H. A. 

Rushmore, S. W., 24 Morris St. 

2 

Newark. 

Bosch, Adam, Fire Alarm Telegraph. 
Colby, Edward A., Lock Box 113 
Farrand, Dudley, 207 Market St. 
Hammer, E. W., 46 2d Ave. 

Moore, D. McF., 52 Lawrence St. 
Weston, Edward, 114 William St. 

6 

Orange. 

Edison. Thomas A. 

Upton, F. R. ^ 

Perth Amboy. 

Brewster, W. S., 26 Washington St. 
Prosser, H. A. 

2 

Plainfield. 

McClurg, W. A., 207 Madison Ave. 
Princeton.—Brackett, C. F. 
Rahway.—Buys, Albert 
Roselle.—Colvin, F. R. 

Rutherford. 

Petty, Walter M. 

ScWabe, W. P. 

2 

Somerville.—Tait, F. M. 

South Amboy.—Flack, J. Day 
South Orange.—Delany, P. B. 
Trenton. 

Horn, H. J., 36 W. State St. 

Newbury, F. J., Roeblings Co. 
Roebling, F. W., Roeblings Co. 

3 

Westfield. 

Foote, Thos. H. 

Mansfield, R. H., Jr. 


NEW MEXICO. 
Mesilla Park;—Brady, F. W. 

(75) 


NEW YORK. 

Albany. 

Judson, W. P., State House. 
McElroy, James F., 131 Lake Ave. 
Miller, Wm. C., 3 South Hawk St. 
Van Buren, Gurdon C., 82 State St. 


Auburn.—Case, W. E. 

Belmont.—Gorton, Charles 

Bronxville. 

Carpenter, C. E. 

Leonard, H. Ward 

2 


Brooklyn. 

Barstow, W. S., 360 Pearl St. 

Benoliel, S. D., Adelphi College 
Broich, Jos., 1622 8th Ave. 

Chapman, A. W., 160 Hicks St. 

Field, C. J. Church Lane 81 37th St. 
Holbrow, H, L., U. S. Navy Yard. 
Gherardi, B. Jr., 81 Willoughby St. 
Leitch, H. W., 373 Madison St. 

Martin, F., U. S. Navy Yard. 

Martin, J.. “ 

Mosscrop, W. A., 47 Brevoort PI. 
Ormsbee, A. F., 81 Willoughby St. 
Peck, E. F., 187 Montague St. 
Powelson, W. V. N., U. S. Navy Yard.. 
Reilly, John C., 8t Willoughby St. 
Rice, A. L., Pratt Institute 
Sargent, W. D., 81 Willoughby St. 

See, A. B., 116 Front St. 

Shaw, A. N., 116 Front St. 

Sheldon, Samuel, Poly tech. Institute. 
Wolcott, T., 329 Clinton St. 

21 


Buffalo. 

Gifford, C. E., Caton’s College. 

Haskins, C. H., 70 Linwood Ave. 
Howe, W. K., Carroll and Wells Sts. 
Huntley, C. R., 40 Court St. 

McCarthy, E. D., 45 No. Division St. 
Meadows, H. G., 109 White B’ld’g. 
Offinger, M. PI., 217 E Eagle St. 
Perkins. Frank C., 126 Erie Co. Bank. 
Pope, H. W., 14 W. Seneca St. 
Ramsey, H, N., 32 Wells St. 

Rustin, Henry, Pan Am. Exposition. 
Sowers, D. W., 240 W. Utic.i St. 

12 


Elmira. 

Uebelacker, C. F., Munic Improv’ntCo. 
Wolverton.B. C., N.Y. & Pa.T.& T.Co. 

2 
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New York. 


Ithaca. 

Bedell, Fred. Dr., Cornell University. 
Hoxie, G. L., 1192 Cascadilla Place. 
Nichols,, E. L., Cornell University. 
Ryan, H. J.. “ “ 4 

Larchmont.—Neilson, John 
Lockport.—Kenan, W. R., Jr. 
Mamaroneck.—Farnsworth, A. J. 
New Brighton.-—Libby, S. B. 
Newburgh.—Hewitt, C. E. 

New York City. 

Abbott, Henry, 9 Maiden Lane 
Adams, E. K., 455 Madison Ave. 
Adler, A. A., 123 Liberty St 
Agnew, C. K., 18 William St. 

Albright, H. F., 57 Bethune St. 
Alexander, Harry, 25 W. 33d St. 

Allen, A. P., 15 Dey St. 

Andrews. W. C. 120 Liberty St. 
Anthony, W. A., Cooper Union 
Ashley, F. M., 95 Liberty St, 

Atkins, H. B., 22 William St. 

Atwood, G. F,, 463 West St. 
Aylmer-Small, C S., Columbia Univ. 
Baillard, E. V., Fox Building. 

Baldwin, A. de V., 39 Cortlandt St. 
Bangs, C, R. 15 Dey St. 

Banks, W. C., 13 Laight St. 

Baron, Max D., 25 W. 33 ^^ St. 
Batchelor, C., 52 Broadway. 

Bates, F. C„ 44 Broad St, 

Bates, J. H., 57 Duane St. 

Bates, P. A., 39 Cortlandt St. 

Baylis, R. N., 99 Cedar St. 

Beaumont, C. W., 45 Broadway. 

Bell, O. A., 4O3 West St. 

Bellman, J. J., 26 Cortlandt St. 
Bennett, T. C., 44 Broad St. 

Bethell, U. N., 15 Dey St. 

Betts, H. D., r4t Broadway 
Bijur, Jos., 210 Centre St. 

Birdsall, E. T., 26 Cortlandt St. 

Black, C. N., 149 Broadway. 

Black, H. D.. 39 Cortlandt ■ 

Blackall, F. S., 39 Cortlandt St. 

Blake, Henry W., 120 Liberty St. 
Blake, T. W., 410 Bleecker St. 

Bliss. W. L.. 128 Front St. 

Bonynge, Paul, 141 Broadway. 

Bogue, Chas. J., 206 Centre St. 

Bohm, Ludwig K., 320 Broadwmy. 
Bourne, Frank, 26 Cortlandt St. 
Bradley, C. S., 44 Broad St. 

Brixey, W. R., 203 Broadway. 

Brown. Alfred S., 195 Broadway 
Brown, J. Stanford, i Broadway 
Brown, W. D., 61 Elm St. 
Buckingham, Chas. L., 195 Broadway 
Bunce, Theo. D. Jr., 239 E. 27th St. 
Burdick, I. E., 95 Liberty St 

(120) 


New York City.—Continued. 

Burnett, Douglass, 55 Duane St. 
Burroughs, H. S., 20 Nassau St. 
Burton, Paul G., 463 West St. 

Byrns, R. A., 20 Broad St. 

Caldwell, Edw., 150 Nassau St. 
Canfield, M. E., 57 Bethune St. 
Carichoff, E. R. 52 Broadway. 

Carty. J. J., 15 Dey St. 

Chandler, C. F., Columbia Univ. 

Child, C. T., 13 Park Row. 

Childs, S. W., 29 Broadway. 

Clark, C. M., 42 E. 23d St. 

Clark, Ernest P., 19th St. & 6th Ave. 
Clark, F. G., 96th St. and ist Ave. 
Clark, Le Roy, Jr., 229 W. 28lh St. 
Clark, W. J., 44 Broad St. 

Clarke, Charles L., 31 Nassau St. 

Coho, H. B., 149 Broadway 
Collett, S. D., 136 Liberty St. 
Comstock, L. K., 137 Broadway. 
Cornell, C. L., 136 Liberty St. 

Cornell, J. B , 136 Liberty St. 
Compton, A. G., 17 Lexington Ave. 
Crane, W. F. D., 20 Broad St. 

Criggal, J. E., 463 West St. 

Crocker, Francis B., Columbia Univ. 
Cushing, H. C., Jr., 39 Cortlandt St. 
Cuttriss, Chas., 20 Broad St. 

Damon, Geo. B., 12 West 31st St. 
Davidson, E. C., 141 Broadway 
Davis, Chas. H., 25 Broad St. 

Davis, Joseph P., 113 W. 38th St. 
Davis, Minor M., 253 Broadway 
Decker, E. P., 26 Cortlandt St. 
Dickerson. E. N., 141 Broadway 
Doherty, H. L., 40 Wall St. 

Doremus, C. A.. 59 W. 51st St. 
Dressier, Chas. E., 17 Lexington Ave. 
DuBois, Tuthill, 19 Park Place. 
Duncan, J. D. E.,* 31 Nassau St. 
Duncan, Louis, 71 Broadway 
Dunn, C. E., 1029 Park Row B'ld'g. 
Durant, Edward, Ward’s Island. 

Dyer, R. N., 31 Nassau St. 

Edwards, C. V., 220 Broadway 
Fliess, R. A., 201 W. 55th St.‘ 

Floy, Henry, 220 Broadway 
Forbes, Francis, 32 Nassau St. 

Ford, F. R., 149 Broadway 
Frank, G. W., Jr., 29 Brodway 
Gallatin, A. R., 58 W. 55th St. 

Gibson, G. H., 220 Broadway 
Goldmark, Chas. J., 66 New St. 
Gordon, Reginald, Columbia Univ. 
Gotshall, W. C., 46 5th Ave. 

Granbery, J. PI., 32 Park Place. 
Griffen, J. D., 25 Broad St. 

Griffin, E,, 44 Broad St. 

Guy, Geo. H., 120 Liberty St. 
Hadaway W. S. Jr. 107 Liberty St. 
Hadley, F. W., 26 CortlandtSt. 

Hall, Edw. J., 15 Dey St. 
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New York City.—Continued, 

Hall, F. A., 115 W. 47th St. 

Hallberg, J. H., 572 First Ave. 
Hamilton, Geo. A., 463 West St. 
Hamerschlag, A. A., 41 Liberty St. 
Hammer, W. J., 922 Havemeyer Bg. 
Hanchett, Geo. T., 123 Liberty St. 
Harding, H. McL. 20 Broad St. 
Hathaway, J. D., Jr., 463 West St. 
Hatzel, J. C., 114 Fifth Ave. 

Hayes, Harry E.,.22 Thame’s St. 
Hedenberg, W. L., 136 Liberty St. 
Henderson, Alex., 527 W. 34th St. 
Herzog, Dr. F.Benedict, 51 W. 24th St. 
Higgins. Edward E..32 Waverly Place. 
Hildburgh, W. L., Hotel Normandie 
Hill, George 150 5th Ave. 

Hill. G. Henry, 527 W. 34th St. 

Hill, N. S. Jr,, 100 William St, 
Hoffman, B., 15 Dey St. 

Holmes. Franklin S,, 108 Fulton St. 
Howson, Hubert, 38 Park Row 
Hubbard, A. S., 25 W. 33d St. 
Hubbard, W. C., it Broadway. 

Hunt, A. L.. 203 Broadway 
Hutchinson, Cary T.. 71 Broadway 
Hyde, J. E. H., 120 Broadway, 

Idell. Frank E., Havemeyer Building. 
Insull, M. J., 572 1st Ave 
Jaeger, C. L., 132 Mulberry St. 

James, H. D., 71 Broadway. 

Jannus, F.. 141 Broadway 
Jenks, W. J., 120 Broadway 
Johnston. T. J., 66 Broadway. 
Johnston, W. J., 95 Liberty St. 

Jones, Francis W., 253 Broadway 
Keefer, E. S., 463 West St. 

Kennedy, J. J., 29 Broadway. 

Ker, W. W., 36 Stuyvesant St. 

King, V. C., Jr., 517 West St. 
Kinsman, F. E., 26 Cortlandt St. 
Knowles, E. R., 136 Libeyty St. 

Knox. C. E., 76 William St. 

Knudson, A. A., 32 Nassau St. 

Lamb, Richard, 136 Liberty St. 
Langton, Jno., 72 Trinity PL 
Lanman, Wm. H., 120 proadway 
Lardner, H. A., 29 Broadway. 

La Roche, F. A.. 6i;2 Hudson St. 
Lawrence, W. H., 49 W, 26th St. 
Ledoux. A. R., 99 John St. 

Leeds, Norman, 463 West St. 

Leslie, E. A., 57 Duane St. 

Lieb, J. W., Jr., 57 Dnane St. 
Livingston, J. Jr., 13 Park Row 
Lloyd, Robert McA., 100 Broadway 
Loewenthal, M., ii Broadway, 

Louis, O. T., 340 E. 119th St. 
Lowther, C. M., 36 Riverside Drive. 
Lozier, R. T. E., 220 Broadway 
Lundell, Robert, 527 W. 34th St. 
Lundie, John, 52 Broadway 
Lyford, O. B., Jr. 100 Broadway. 
Lyman, C. W., 30 Broad St. 

(125) 


New York City.—Continued. 
MacGregor, W. H., 136 Liberty St. 
Mahoney, J. J., 44 Broad St. 

Mailloux, C. O., 76 William St. 

Marks, L. B., 689 Broadway 
Martin T. Commerford, 120 Liberty St. 
Marvin, H. N., 841 Broadway. 

Maver, William . Jr., 120 Liberty St. 
Mayer, M. M., 2369 2d Ave. 

McClure, W. J., 259 W. 52d St. 
McLain, R. C., 21 Park Row. 
McLimont, A. W., 141 Broadway. 
Merrill, E. A., 26 Cortlandt St. 
Mershon, R. D., 621 Broadway 
Meyer, Julius. 115 Broadway 
Monrath, Gustave, 7 E. 42d St. 

Mora, M. L.44 Broad St. 

Morley, E. L., iis 5th Ave. 

Moses, P. R., 35 Nassau St. 

Mullin, E. H., 44 Broad St. 

Murphy, J. McL., 116 Nassau St. 
Muschenheim, F. A., 463 West St. 
Nicholson, S. L., 120 Broadway. 

Nimis, A. A., 1221 Lexington Ave. 
Noll, Augustus, 8 E. 17th St. 

Osterberg, Max, 11 Broad v,ray 
Paine, F. B. H., 120 Broadw.ay 
Parker, H. C.. Columbia Univ. 

Parmly, C. Hpward, 17 Lexington Ave. 
Parsell, H. V. Jr., 129 W. 31 st St. 
Pattison, Frank A. lai Broadway 
Pearson, F. S., 621 Broadway 
Pedersen, F. M. 17 Lexington Ave. 
Pfund, Richard, 601 \^^ 169th St. 
Pickernell, F. A., 22 Thames St. 

Poole, Cecil P., 120 Liberty St. 

Pope, Ralph W., 26 Cortlandt St. 
Porter, H. H., Jr.. 31 Nassau St. 

Price, C. W., 13 Park Row 
Prince, J. L., 57 Duane St. 

Proctor. T. L . 39 Cortlandt St. 

Pupin, Michael I., Columbia Univ. 

Rae, Frank B., 45 Broadway. 

Reber, Samuel. Governor's Island. 
Reckenzaun, F., 44 Pine Si. 

Reed, H. A., 420 E. 25th St. 

Reed, H. D., 420 E. 25th St. 

Reid, Thorburn, 136 Liberty St. 
Rennard. J. C., 15 Dey St. 

Rice. Calvin W., 55 Duane St. 

Ries, E. E., 346 Broadway 
Ripley, W. H., 24 Murray St. 
Roberson, O. R., 195 Broadway 
Robinson, F. G., 621 Broadway 
Roller, F. W., 203 Broadway 
Rosenbaum, Wm. A., Times B’d'g 
Rosenberg, E. M., 138 W. 85th St. 
Rouquette, W. F. B., 47 Dey St. 
Ryerson,W.N., 146th St.,&Lenox Ave. 
Sanborn, F. N., 29 Wall St. 

Sanderson. E. N., 31 Nassau St. 
Sanville, H. F,, 15 Cortlandt St. 
Saxelby, F., 220 Broadway. 

Scheffler, F. A., 9 Dey St. 
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New York City.—Continiied. 
Schreiler, Heinr., 20 Nassau St., 
Scudder, H. Jr., 21 E. 23 d St. 

Serrell, Lemuel Wm. 99 Cedar St. 
Sever, Geo. F., Columbia Univer. 
Simpson, A. B., 54 M. Lane 
Sinclair, H. A., 35 South William St. 
Skirrow, J. F., 253 Broadway 
Slade, A. J., 289 4th Ave. 

Slater, F. R., 32 Park Place. 

Smith, Irving W., 420 E. 25th St. 
Smith, Jesse M., 218 Broadway 
Smith, T. Jarrard, 98 Fulton St. 
Sprague. Frank J,, 527 W. 34th St. 
Steele, W. D., 26 Cortlandt St. 

Stern, P. K., 130 Fulton St. 

Stewart, W. M., 30 Gold St. 
Stieringer, Luther, r 29 Greenwich St. 
Stillwell, L. B., 13 Park Row. 
Stockbridge, Geo. H., 120 Broadway 
Stone, J. P-, 156 Filth Ave. 

Stott, PI. G., 32 Park Place. 

Stout, J. S., Jr., 55 Duane St. 

Strauss, H. A., 32 Park Place. 

Strong, J. R , 35 So. William St. 
Swann, J. J., 26 Cortlandt St. 

Terry. Chas. A., 120 Broadway 
Tesla, Nikola, 46 E. Houston St, 
Thomas, R. McK. 141 Broadway 
Thompson, Edward P., 1^6 P'ifth Ave. 
Thomson, G. A., 136 Liberty St. 
Thurber, H. F., 15 Dey St. 

Torchio, P., 53 Duane St. 

Townsend, Henry C., 141 Broadway 
Townsend, P'itzhugh, Columbia Univ. 
Treadwell, A., 100 Broadway 
Tyng, F. E., 164 W. 27th St. 

Vail, Theo. N., 26 Cortlandt St. 
Vansize, William B., 253 Broadway 
Van Wyck, P. V. R., Jr„ 15 Dey St. 
Waddell, M., 72 Trinity PI. 

Waldo, Leonard, 7t Broadway. 
Warren, A. K., 120 Liberty St. 
Waterman, F. N., T50 Nassau St. 
Waterman, M. B., 55 Duane St. 
Waters, E. G., 4'l- Broad St. 

Weaver, W. D., 120 Liberty St. 
Webb, Herbert Laws, 15 Dey St. 
Wells. W. F., 53 Duane St. 

Weston, S. F., 330 W. 33d St. 
Wetzler, Joseph. 240 W, 23rd St. 
White, J. G., 29 Broadway 
Whitmore, W. G., 44 Broad St. 
Whitney, C. E., 61 W. 114th St. 
Wightman, M. J., 50 Broadway. 
Wiener, A. E., 240 W. 23rd St. 
Wiley, Geo. L., 56 Liberty St. 

Wiley, Wm. H., 43 E. 19th St. 
Williams, A. 57 Duane St. 

Willyoung, E. G., n Frankfort St. 
Wilson, C. H., 26 Cortlandt St. 
Wilson, Fremont, 66 Maiden Lane 
Wintringham, J. P., 36 Pine St. 
Woolf. Albert 415 Lexington Ave. 
Yarnall, V. H., 302 Broadway. 
Young, C. G., 29 Broadway. 

(124) 


New York City. —Continued. 
Young, Chas. L, 120 Broadway. 
Zalinski, Capt. E. L., 7 W. 43d St. 303 
Official Stenographer, 

Ryan, R. W., Rm. 178 P. O. Bldg 
Niagara Falls. 

Acheson, E. G., Carborundum Co. 
Barton, P. P., N. F. Power Co. 

Buck, H. W., 170 Buffalo Ave. 

Deeds, E. A., The Natural Food Co. 
Edmands, 1 . R., Union Carbide Co. 
Imlay, L. E., 203 6th St. 

Johnson, W. C., N.F.Hyd. & Mfg Co. 
Lincoln, P. M., Cataract Const. Co. 
Lovejoy, D. R., Cataract Chemical Co. 
Price, E. F., Union Carbide Co. lo- 
Ogdensburg. —^Jones, M. E. 

Pelham Manor. —Gilliland, E. T. 
Potsdam. —Dates, H. B. 

Rhinecliif.—Philbrick, B, W. 
Rochester. 


Barnes, C. R. 

Redman. G. A. 2 

Schenectady. 

Andrews, W. S . General Electric Co 
Armstrong, A. H., “ “ “ 

Badeau, I. F., 

Barr, J. B., 

Berg, E. J., 

Berg, Eskil. 

Blackwell, F. O., 

Boyles, T.D., 

Carter, F.W., 

Corey, F. B., 

Davis. A. G., “ “ 

Davis, W. J. Jr.. 

Dempster, Thos., “ ** ‘‘ 

Emmet, W. L. R , “ “ “ 

Ely, W. G. Jr., 

Ekstrom, Axel, “ “ “ 

Eyre. M. K., 7 Union St. 

Haskins, Caryl D., Gen’l Electric Co. 
Hewlett, Edw. M.. 

Kellogg, J.W. 

Knox, S. L. a. “ 

Kruesi, A. H., “ “ 

Lohmann, R. W.. “ “ 

Dovejoy, J. R.. 

McClenathen, Robt., “ ‘‘ “ 

Moody, V. D., 609 State St. 

Moore, J. P.. General Electric Co. 
Oudin.M. A., 

Oolgardt, J. J., 

Potter, W.B., “ “ 

Read, R. H., 

Reist, H. G.. 

Rice, E. Wilbur, Jr., “ 

Rohrer, Albert, L , “ 

Sargent, H. R., 

Slichter, W. I, ^ 

Stebbins, Theodore “ “ 

Steinmetz, C. P., “ “ 


Wirt, H. C., 

Woodbridge, J. E., ** * 

Wood, A. B., 321 Summit Ave. 
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Syracuse. 

Arcbbold, Wm. K., University B’ldV. 
Brady, Paul T. s 

Gaboon, J. B., 729 Crouse Ave. 

Harter, Bret, 83 Wietin^ Block. 

Land, Frank, 220 Green St. 

Noxon, C. P. L., 500 E. Water St. 6 
Tarrytown.— Crehore, A. C. 
Tompkinsville.— Gregg, T. H. 
Troy. —Bernard, Edgar G., 450 
. Fulton St. 

Utica.— Nicholson, W. W., Tele¬ 
phone B’ld,g. 

Whitestone.— Uhlenhaut, F. Jr. 
Yonkers. 

Cosgrove, J. F., 38 St. Andrews Place. 
Ihlder, John D., Otis Electric Co, 
Scidmore, F. L., N.Y.C. & H.K.R. 3 

NORTH CAROLINA. 
Charlotte.— 

Sampson, F. D. 

Smith, S. J , 202 So. Tryon St. 2 
Winston-Salem.— Barr, F. A. 

OHIO. 

Akron. 

Pomeroy, W. D., no Park Place. 

Shaw, E. C. ■ 2 

Cincinnati. 

Baldwin, B. L., 73 Perin B’ld’g 
Bogen, L. E., Univ. of Cincinnati. 
Creaghead, Thos. J., 802 Plum St, 
French, Thos. Jr,. 713 Ridgeway Ave, 
Hafer, Geo. Jr., Cine. Gas Co. 

Lilley, L. G., Cor. 3d & W'alnut 
Middleton, A. C., 420 W. 4th St, 

Reno, C. S., 620 Baymiller St. 

Rodgers, H. S., 420 W. 4th St. 

White, W. F., 220 W. 8th St. 10 
Cleveland. 

Ambler, Wm., 76 Lincoln Ave. 

Brush, Chas. F., 453 The Arcade. 
Canheld, Milton C., 48 Greymont St. 
Cook, E. J., 96 Commonwealth Ave. 
Cowles, Alfred H., 361 Arcade. 

Hoag, G. M., II3 City Hall. 

Lindsay, Robert. 771 Cuvahoga B’ldV 
Roberts, E. P,, Electric Building. 

Sperry, E. A., 855 Case Ave. 

Wason, Chas. W., 2069 Euclid Ave. 

10 

Columbus. 

Caldwell, F. C., State University. 
Edmands, S. S. 

Fish, F. A., '' “ 

Thomas, B. F,, State University 4 

Dayton. 

Emerick, L W., 369 W. Monument St. 
Thresher. A. A. 2 
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East Liverpool.— Healy, L. W. 
Piqua. 

Lorimer, G. W. 

Lorimer, J. H. 2 

Norwood.— Behrend, B. A. 

Salem. —Davis, Delamore L. 
Toledo. —Bechtel, E. J. 

OREGON. 

Oregon City.— Cheney, W. C. 
Portland. 

Mitchell, Sidney Z , Fleischner B’ld’g 
Shock. T. A. W. 2 

Salem. —Anson, F. R. 

PENNSYLVANIA. 

Allegheny. 

Smith, F. S. 

Wurts. A. J. Westinghouse E.&.M.Co. 

a 

Altoona. 

Dudley, C. B. 

Elmer, Wm. Jr. 

Gough, H. E., 1415 nth St. 3 

Braddock. —Maccoun, A. E. 
Chester.— Tidd, G. N. 

Duquesne.— Friedlander E. 

Ford City —Stutz, C. C. 

Harrisburg.— Best, A. T., 703 

Showers Ave. 

Hokendauqua. —Thomas, J. W. 
Munhall, —Dinkey, A. C. 
Palmerton. —Bull, R. W. 
Phcenixville.— Perot, L. Knowles. 
Philadelphia. 

Biddle, J. G., Stephen Girard B'ld^g. 
Billberg, C, O, C., 7300 Arch St. 
Blanchard, C. M., Union League. 
Blizard, C., 19th St., & Allegheny Ave. 
Bolan, T, V., 214 S. nth. 

Braddell, Alfred E., 316 Walnut St. 
Bragg, Chas. A., Land Title B’ld'g 
Clement, E. E., 1205 Girard B’ld'g. 
Coles, E. P., 214 S. iith St. 

Cumner, A. B., 251 S. 12th St. 
Darlington, F. W., 1120 Real Estate 
Trust Co. B'ld’g. 

Drysdale, W. A., Hale B’ld’g 
Eglin, J. M., i-oth and Sansom Sts. 

W. C. L., Cor. loth & Sansom. 
Entz, J. B., 19th St. & Allegheny Ave. 
Firth, W. E., Nicetown 
Foster, H. A., 650 Bullitt Bldg. 

Gallaher. E, B., Drexel Bldg. 
Gharky,W.D.. 2347 Park Ave. 
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Philadelphia.— Continued. 

Hall, J. L., 608 N. American B’ld’g^. 
Hartman, H. T., 1406 Land Title Bg. 
Hering, Carl, 929 Chestnut St. 

Hewitt, Chas , 809 Spruce St. 

Hodge, W. B., 1010 Chestnut St. 
Houston, E. J., T203 Crozer B’ld’g 
Hunter, Rudolph M., 926 Walnut St. 
Kennelly, A. E., 1203 Crozer B’ld’g 
Lafore, J. A., 125 So. iKth St. 

Leeds, M. E , 259 No. Broad St. 
Levis, Minford, 54 North 4ih St. 
Lloyd, Herbert, 19th & Allegheny Aye. 
Marks, W. D., The Art Club. 

Patton, P. L, 1026 Filbert St. 

Pike, C. W., ,112 N. 12th St. 

Reed, C. J., 3313 N. i 6 th St. 

Rowland, A. J., Drexel Inst. 
Satherberg, C. H., Nicetown 
Scott, W. M., 108 W. Johnson 
Smith, Irving B., 1028 Filbert St. 
Smith, T. Carpenter, 650 Drexel B’ld'g 
Smith, W. E., 19th & Allegheny Ave. 
Smith, W. F., Un. Gas. Imp. Co. 
Spencer, Paul, Broad & Arch 
Spencer, Theo., iithand Pllbert Sts. 
Stakes, D. F., 1500 Land Tftle B’ld’g 
Stanton, C. H., 1517 Walnut St. 
Stevens, J. F. 9th St. & Montgomery Av. 
Stitzer, A. B.. Union Traction Co. 
Swoope, C. W., Spring Garden Inst. 
Toerring, C. J., 1035 Ridge Ave. 
Walmsley, W. N , 1002 Harrison Bldg. 
Winand, P« A, N., 3300 Arch St. 

Wise, J, S., Jr., 2023 Mt. Vernon St. 52 

Pittsburg. 

Auel. C. B., Westingh. E. & M. Co. 
Austin, S. B., 3912 Fifth Ave. 

Beebe, M. C., Amber Club. 

Blakemore, M. N.,Westing. E.&M.Co. 
Converse, V. G., i^th St, & Liberty Av. 
Davis, H P., Westinghouse E & M.Co. 
Dunlap, W. K., West’house E.& M. Co. 
Fisher, H. W. Standard Und. Cable 
Hill, E, R., Westinghouse E, & M. Co, 
Hommel, L., 618 Westinghouse B’ld’g. 
Hutchinson, F. L., “ “ “ 

Keller, E E., West’house E. & M. Co. 
Lange, Philip A., “ “ “ 

Merrill, J. L„ Park B’ld’g. 

Nocl^, Geo. W. “ 

Osborne, L. A., West’house E.&M. Co. 
O’Sullivan, M. J., Sylvan Ave, 

Peck, J. S., Westinghouse E. M. & Co. 
Rockwood, D. C., “ 

Scott, Chas F. 

Skinner, C.E., 

Storer, N. W., 

Stuart, H. R., “ 

Thomas, Percy H., “ 

Tingley, E. M., 
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Pittsburg.—Con tinned. 

Temple. W. C., Bank of Commerce Bg. 
VanVIeet, R. M., Westing.E. & M.Co. 
Viehe, J. S., Westinghouse E.& M.Co. 
Wallau, H. L., 

Winslow, G. H., 339 Fifth Ave. 
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Reading.— 

Brown. E. E. 

Klinck, J. H., 5 So. 9th St. 2 

Rochester.—Sage, H. J. 

Scranton. 

Elias, A. B., 1310 Washington St. 
Webb, H. S., 225 Jefferson Ave. 

♦ 2 

South Bethlehem. 

Franklin, W. S., Lehigh Univ. 
MacFarlane, Alexander 

2 

State College. —Jackson, Prof J. P. 
Swarthmore.—Stine,W. M. 
Tamaqua.—Spiese, F. P. 
Towanda.—Dunston, K. E. 
Vandegrift.—Pinkerton A. 

Wilkesbarre. 

Harvey, R. R., lo S. Franklin St. 

RHODE ISLAND. 
Lonsdale —Ellis, John 
Phillipsdale. 

Phillips, E. F. 

Varley, R. Jr 2 

Providence. 

Downes, L. W., 407 Pine St. * 

Lisle, A. B., 60 Weybosset St. 
Woodward, W. C., 60 Weybosset St. 3 
Woonsocket.—Ballou, W. J. 

SOUTH CAROLINA. 

Pelzer.—McKissick, A. F. 
Spartanburg.—Knox, F. H. 

TENNESSEE. 
Chattanooga —Burt, B. T. 


TEXAS 

Houston.—Reed, W. W. 


UTAH. 

Park City.—Fleming, J. B. 
VERMONT. 

Bellows Falls—Bottomlev H. 
Burlington,—Freedman, W. H. 
Rutland.—Francisco, M. J. 


VIRGINIA, 

Blacksburg. —Randolph, L. S, 
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Hot Springs —Stewart, J. B. 
Norfolk. —Wright, Peter 

Newport News. 

Crain, J. J. 

Loomis. O. P. 2 

Portsmouth. 

Hardy, Carl E., U. S. Navy Yard. 
Thompson, J. P., U. S. Navy Yard 2 
Richmond. 

Brown, H. T., Box 47. 

Gillis, H, A., Richmond Loco. Works. 
Johnston, A. L., iH2 E. Main St, 
McCluer, C. P., W, R. Trigg Co. 
Tower, Geo. A., 704 E. Main St. 
Traiiord, E. W., 413 N. 7th St. 

Willis. E. J., 211 E. Franklin St. 6 

WASHINGTON. 

Everett.— Butler, William C. 
Seattle. 

Baldwin, G. P., 507 Pioneer B’Id’g. 
Doubt, T. E. 

Ellis, R. L. 

Huggins, N. W. 

Joslyn, Howard, 507 Pioneer B’ldV. 
Maxwell, E. 

Millis, Maj. John 

Robinson. D. P. 8 

Spokane. —Howes, Robt., Box 1587 

WEST VIRGINIA. 
Charleston. —^Johnson, H. S. 
Wheeling. —Sands, H. S. 

WISCONSIN. 

Madison. 

Burgess, C. F., Univ. of Wisconsin 
Frankenfield, B., 609 Lake St. 

Jackson, Dugald C., Univ. of Wis. 
Swenson, B. V., 606 Francis St. 4 

Milwaukee. 

Berresford, A. W., 12th St. & St.Paul Av. 
Finney, J. C., i & 3 Old Insur. B’Jd’g, 
Robinson, Geo. P., Wis, Tel, (^. 
Schmidt, C. J. 

Wilson, C, P., 451 Broadway 5 


HAWAIIAN ISLANDS. 

Hilo.—Sedgwick, C. B., Hilo Elec. 
Light Co. 

Honolulu. 

Cassidy, John, Mutual Telephone Co. . 
Cooke. G. A., Hawaiian Elec. Co, 
Gartley, A., Hawaiian Elec. Co. 

Grant, L. T., Box 536. 

Hasson, W. F. C., Judd B'ld’g. 

Pratt, R. J., Honolulu Iron Works 
Wolf, L. H., Box 252. 7 


PHILLIPINE ISLANDS, 

Cavite.—Smith, W. Stuart. 
Manila.—Squier, Capt. G. O. 
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PORTO RICO. 

San Juan.— Parks, C. Wellman. 

DOMINIONOF CANADA. 

BRITISH^LUMBIA. 
Vancouver — 

Dunn, K. G. 

Walkem, G. A. 2 

Victoria. 

Sperling, R. H., B. C. E. R^way Co. 

NOVA SCOTIA. 
Baddeck.— Bell, A. Graham 
Halifax.— Winfield, J. H. 

Hazel Hill.—Dickenson, Samuel S. 


ONTARIO. 

Hamilton.— Leyden, H. R. 
Ottawa. 

Aheam, T. 

Dion, Alfred A., 72 Sparks St. 

Murphy, John, Ottawa Elec. Co. 
Thomson, C., Patent Office. • 
Trudeau, J. A. G,, 329 Kent St. 5 
Rat Portage.— McCrossan, J. A. 
St. Catharines —Cheney, F. A. 
Toronto. 

Kammerer, J. A., 87 Jameson Ave. 
Parke, R. FI., 409 Temple Bldg. 
Rosebrugh, Thomas R 
White-Eraser, Geo., 18 Imp'l Loan Bg. 4 

QUEBEC. 

Montreal. 

Burnett, J. A., 94 Queen St 
Gossler, P. G., 94 Queen St. 

Herdt, L. A., McGill University 
Howland, L. A., 6 Queen St. 

Jaquays, H. M. 94 

Mudge, A. L , G. T. Railway. 

Owens, R B., McGill University. 
Robertson, J. McC., 94 Queen St. 
Ross, Robert, A., 17 St. John St. 

Sise, Charles F. P. O., Box 2262 
Taylor I. A., McCord & Seminary Sts. 
Thornton, K. B., 94 Queen St. 

Weller, H. W., 202 St. James St. 
Wilson, R. M., McGill University. 12 


MEXICO. 

C. Victoria, Tamps.— Rossi, H. J. 
Durango.— 

Carnaghan, E. D. 

Guerrero, J. 2 

Indianilla, D. F.— Johnson, C. E. 
Jalapa, V. C.— 

Yslas, Carlos 
Gutieriez, M. B. 

Greenwood,G,, Jalapa R'y & Power Co. 
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Guadalajara.— 

SchiafHno, M. T^. 

Thompson, J. W. 2 

Mexico. 

Barnes, H. H., Mex. Elec. Works. 
Beatnes, C. b‘., 71A. San Francisco. 
Bowman, J. H. 

Dyer, S. A., Box 403. 
de Waal, W. H.,Gardena No. 3. 

Evans, C. W., Box 2ico. 

Evans, P. H., Mex. Geo. Elec. Co. 
Henry, L. W., Mex. Gen. Elec. Co. 
McCreary, J, L., Dist. R*way Co. 
Niles, H. B. American Club. 

Shearer, J. H., Nat. Elec. Light Co. 
Shepard, R. R., Box 403. 

Somellera, G. F., Box 115. 

Thompson, M. T., Box 403, 

Worswick, A. E., 3rd Calle des las Artes 
Zapata, J. M., Gen. Elec. Co. 

16 

Monterey.—Dysterud, E. . 
Pachuca.—Renstrom, F. A. 
Puebla.—Wilson, H. S. 
Tamaulipus.—Rossi, H. J. 


WEST INDIES. 


CUBA. 


Havana.—Thompson, A. J., 

O’Reilly 15 
JAMAICA. 

Kingston. 


Campbell, H. A., 38 Harbor St. 
Davis, L. F., “ “ 

Roberts, Allen D., I2i King St. 
Wilson, Harry C._ 


AFRICA. 


4 


CAPE OF GOOD HOPE. 
Cape Town. 

Denham, John 

Lloyd, J. E. 2 


NATAL. 

Durban.—Kirkland, J. W. 

SOUTH AFRICAN REPUBLIC. 
Germiston—Peirce, A. W, K., Box2 r 7 
Johannesberg.—Gorrisen, Ch., Box 
2671. 


CENTRAL AMERICA. 


GUATEMALA. 
Queacaltenango.—Morehouse, H. H. 


SOUTH AMERICA. 

ARGENTINE REPUBLIC. 
Buenos Aires. 

Abella, Juan, 766 Calle Bolivar 
Brayshaw, I., Great Southern Railway 
McCrosky, J. W., Reconquista 20 
Parker, L. H. Calle Santa Fe 2457 

4 

UNITED STATES of BRAZIL. 

Para.—da Cunha, Manoel Ignacio, 
Empress Industrial Gram-Para 
Rio Janeiro.—Mitchell, James 


CHILI. 

Santiago. 

Currie, N. M., 

Jones, G. H., Casilla 1317 


PERU. 
Lima.—Davidson, A. 
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ASIA. 


INDIA. 

Bunno.—Beveridge, E. W. 
Negapatam.—Vanderveen, A. R. 

JAPAN. 


Kiot^—Namba, M. 

Beppu.—H. Maki 

Hiogo Ken.—Misaki, S. 

Tokyo. 

Baugher, E. C. 

Tachihara, Jin 
lijima, Z. 

Iwadare, K. 

Oi. S. 5 

Yokohama. 

Bayley, G. L. 

Brenner, W. H. 

Dyer, E. I. _ 2 


AUSTRALIA. 

NEW SOUTH WALES. 
Sydney. 

Allan, John, 54 Margaret St. 
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Sydney. — Continued. 

Fischer, Gustave J.,Public Works Dep*t 
Fitzmaurice, Jas. S., 210 George St. 
Goodman, W. G. T., Pub. Works Dept. 
Hanson, A. J., 3 Wynyard St. 

_ 5 , 

VICTORIA. 

Melbourne.— 

Jones, A W. 

Tolman, C. M., Deep Leads Trans.Co. 


WESTERN AUSTRALIA. 
Perth —Wall, L. J. B. 

NEW ZEALAND. 

Auckland.—Rich, F. A. 

Otaki.—Lemon, Charles 
Wellington.—Dawson, Josiah 


EUROPE. 

AUSTRIA - HUNGARY. 


Baida-Pesth.—^Jehl, Francis 
Vienna. 

Egger, E., X. Simmeringstr, 187 
Sahulka,Dr. Johann, 

Technische Hochschule 


GREAT BRITAIN. 

ENGLAND. 

Beer.—Trott, A. H. H. 
Blundellsands.—Inrig, *A. G. 
Bolton-le-Moors.—^Jackson, Henry 
Bristol.—Williams, G. H. 
Croydon.—Lewis, H, F. W. 
Hampstead.—Donner, W. H. 
Hyde.—Adamson, D. 

London. 

Blunt, W. W., Norfolk St. 

Burton, W. C., 22 a College Hill. 
Churchill A. 83 Cannon St 
Carus-Wilson C. A., 41 Old Queen St. 
Daft, Leo, 50 Hartfield Road. 

Dawson, P., 30 Victoria St. 

Forbes, Geo., 34 Great George St. 
Fortenbaugh, S. B., 112 Cannon St. 
Hermessen, J. L., 83 Cannon 8t. 
Hewlett, E. H., 28 Victoria St. 

Kelvin, Lord, 15 Eaton Place. 

Little, C. W. G., Donington House. 
Lorrain, James Grieve, Norfolk House 
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London.—Continued. 

Macartney, J. F, 53 Victoria St. 
McCarter, R. D., no Cannon St. 

Merz, C. H., 28 Victoria St. 

Mordey, Wm. M., 82 Victoria St. 
Osborne, M., 83 Cannon St. 

Parry, Evan, 8 Princes St. Bank 
Parshall, A., 83 Cannon St. 

Parshall, H. F. 8 Princes St. Bank 
Perry, John, Royal Coll, of Sci. 

Preece, Sir, Wm., 13 Queen Anne's 
Gate. 

Reid, E. S., 23 College Hill. 
Rutherford, W., no Cannon St. 
Salomons, Str D. L., 49 Grosvenor 
Swinton, A. A. C , 66 Victoria St. 
Thompson, S. P., West Hampstead. 
Thompson, W; R., 22A College Hill. 
Walker, Sydney F. 2 Kens. Gard Sq. 
Webber, Maj. Gen. C. E., 17 Egerton 
Gardens. 

Wharton, Chas. J., Palace Chambers 
Winslow, 1 . E., 35 Parliament St. 
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Manchester.—Wordingham, C. H. 
Riding-Mill-on-Tyne.-Dobbie, R. S. 
Surrey.—Sparks, Chas. P. 
Taunton.—Haynes, F. T. J, 


FRANCE 

Grenoble.—Stahl, Th. 

Nice.—Albanese, G. Sacco. 

Paris. 

Coster, M., 45 Ruede la Arcade. 
Garfield, A. S., 5 Villa Michon 
Le Blanc, Chas., 7 rue Meyerbeer. 
Leutheule, Paul, 27 Rue de Londres 
Mix. Edgar W., 12 Boul.des Invalides. 
Schmid, A., 45 Rue del'Arcade. 
Stephens,George, 219 Rue de Vangirard 
Thurnauer, Ernst, 27 Rue des Londres 
Tripier, H., 17 Rue Caralloti 
Welles, F. R., 46 Ave. De Breteuil 


GERMANY. 

Berlin. 

Burke, Jas., Klopstockstr. 15 
de Nordwalls, Chas. F., 22 Schxffbau- 
erdamm. 

Hakonson, H. Westend. 

Heinrich, R. O., Ritterstrasse 88 
Hobart, H. M., Union Elec. Ges. 
Hulse, W. S., Dorotheen Str. 43. 
Magee, Louis J., Grosse Quer Alice x 



814 GeTTfumy, Italy^ NM>erla 7 hds^ Portugal, Buma, Suoeden, Switzerland, 


Berlin.—Continued. 

Rathenau, E., 22 Schiffbauerdamm 
Schum, C. H., Oudenarder Strasse, 30 
Tischendoerfer, F. W., 

Union Elektricitats Geselhchaft 
West, Julius H., Handjery Str. 58 

Friedenau, near Berlin. 
Wieselgreen, C. E., Allgemeine Elec- 
tricitats Gesellschaft. 

12 

Darmstadt, Kittler, Dr. E., 

Schwanthalerstrasse 
Hannover.—Meyer, H. S 

Alleestrasse 70. 
Munchen.—Voit, Dr. Ernst 


ITALY. 

Ivrea —Olivetti, Camillo. 

Milan.— 

Pfeiffer, A. J. J. 

Zani, A. P. 2 

Turin.—Capuccio, M. 

NETHERLANDS. 

Amsterdam. 

Hubrecfeit, Dr. H. F. R. 

Otten, Dr. J. D., Van Baerlestraat 10 

2 


Delft.—Doyer, H. 

PORTUGAL. 

Lisbon.—Cole, W. H. 


RUSSIA. 

Kiev.—Browd, P. K., 

Odessa.—Moschkowitsch, M. S. 
Riga.—Hassler, C. T. F. 

St. Petersburg.—de Chatclain, M. A 


SWEDEN. 

Westeras.—Danielson, Ernest 

SWITZERLAND. 

Baden.—de Muralt, C. L. 
Geneva.—Field, S. D. 

Addresses Unknown. 

Degen, L. 

De Redon, C. 

O’Dea, M. T. 3 

Notice. 

The Secretary would be pleased to re¬ 
ceive the present addresses of the above. 
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Total, 1269. 
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Inaugural Address.•. 587 
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Reports. 242 
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Tellers’ Report. 279 

General Meeting, Paris, August 16 , 1900 . 513 
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General Meeting, Philadelphia, May 16 - 18 , 1900 . 283 
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Report on Units and Standards . 309 
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January 24 , 1900 , New York.!!. 
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Greene, Samuel Dana.!.! V. *. *. *. *. y, 

Hamblet, James.!*.!!!!*!.. 

Hudson, John E.... . 

Rittenhouse Charles T, ...*.*!. 

weise, w. M. T. ’ !-!!*!!!!!.’. *!.*’!!!!*! 

Receipts and Disbursements for Year ending*ApVii 30 1966 
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Report of Council for Year ending April 66, * 1 * 9 * 00 .!!!!!!!.!! 
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Resignations of Members... 
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Standardizing Committee’s ReporCSaleoF!*!. 

Treasurer’s Report, April 30 , 1899 , to May 1, 1900 *. !!!!!!!**’ 
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Aging of Iron. 
Air-Gaps: 


. 

aSsS' 

A If of Electricity {Discussion at Paris) .. 

TownfendY^^^^ C^irves. New Method of Tracing {Fiishugh 

Currents in Cable Telegraphy {^*. C. Crehore 'inK 'dyd. 

Aluminium Lme Wire and Some Constants for Transroission Lines 
(/'. w. 6. Perrtne and F. G. Pawn) ... 

^ {H. c. Parker) . ^i.!!! 

\..^ADJ6Sr 

Measurements of Power Transmission Cables. 

bubmarine Cable. Measurements with Alternating Currents* M.* C 

C rchore and G. 0 . Squier )...:. .. 

Capacity, Measuring.V. .V *..75 

Condenser Motor, Self-Starting. IWW W W W . 

Leakage of Condensers .. 

Motor Circuits, Condensers for.!*.!!*.!!'.!*!*.!!!!. 

Consonance, Electrical. 1 *. *.! . *. *. *... 

Condnuous and Alternating Current, Relative Advantages ofVfor a 

General Supply of Electricity {Discussion at Pans) . 

Core. Magnetic Flux Distribution. 

Curves, New Method of Tracing Alternating Current 

1 own send) . ... * 

Dynamometer, New, for Testing Electric Motors ( wVEMoldsbyougk) 

Eddy Current Losses in Transformers {Fitzhugh Townsend) . 

Electrolytic Corrosion.335^ 

Electrolytic Corrosion in Brooklyn {Samuel Sheldon) . \ 

E M. F., Determination of Curve . 

Experts and Expert Evidence (/, F H, Hyde) ... 

Faradmeter, A {M. /. Pupin) .75, 

Field, Attraction of, on Armature {B^ A, Behrend) .! 

Fuse Metals.I45, 134, 

Fuse Protective Devices, The Evolution of Safe and Accurate 

{Joseph Sachs) ..... 
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Air Space Packed Enclosed Fuses .142, 158,163 196,201 

Early Designs.132^ 168,170 

Enclosed Fuses .139, 156, 185 

Gradual Action of Fuses.....177 

Rating of Fuses.166 

Testing Methods... w.177 

Tests of Fuses.141, 147,148, 158, 159, 160, lb7 

Harmonics, Higher, in Motor Circuits... 68 

Hysteresis Constant .219, 229, 230 

Hysteresis Constant, Effect of Intense Cold... 229 

Hysteresis in Sheet Iron and Steel {A, H Ford) .207 

Hysteresis Loop, Dynamical.... 18 

Hysteresis Meter, Ewing.216, 232 

Hysteresis Tests of Small Samples.213 

Induction Motors; 

Air-Gaps in Motors.627 

Single-Phase Motors {C, P. Steinmefi) . 25 

Speed, Torque and Power Characteristics.292, 291 

Lamps: 

Nernst Lamp at Paris Exposition. 

Standardizing Electric Lamps.577 
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Magnetic Attraction and the Mechanical Forces in Dynamos. 617 

Magnetic Flux Distribution in Air-Gap and Cote {IV, E, Goldsborough^. 679 

Measuring Resistances by Percentages {H, C, Parker) . 303 

Mechanical Forces in Dynamos Caused by Magnetic Attraction 

{B, A, Beh^end) ... 617 

Motors: 

Self-Starting Condenser {C, P, Steinmetz) . 25 

Single.Phase Induction Motors {C, P, Steinmeid) . 25 

(See also Induction Motors.) 

_ 3 .. —__ 


Paris Exposition of igoo {CarlHerittg) .. 687 

Percentage Bridge, A {H, C, Parker) . 308 

Physico-Technical Institution in Charlottenbnrg {H, S, Carhart) . 556 

Rails, Sleet on, Methods of Removing. 118 


Railways. Electric, Third Rail, N. Y., N. H & H. R R. {E, C, Boynton) 81 


Railways, Steam, Electric Traction Possibilities {E, C, Boynton) . 81 

Reichsanstalt, Description of {II, S, CarkaU) . 565 

Resistance Bridge. Percentage. 803 

Single-Phase Induction Motors and the Self-Starting Condenser Motor 

(C, P, Steinmetz) . 25 

South Africa, Electricity in {A, JV. X, Peirce) ... 232 

St. Croix Power Co. of Wisconsin, Plant of {Henry Floy) .. 635 

Telegraphy, Cable, Practical Transmitter Using Sine Wave {A. Crchore 

and G, 0 . Squier) . 385 

Telephony, Long Distance and Cable, Pupin System {M, T, Pupin ),... 445 
Tracing Alternating Current Curves, New Method {Fitzhugh Townund) 5 

Track. Sleet on Rails, Removing. 118 

Traction, Electric, under Steam Railway Conditions {E, C, Boynton ),,. 81 
Transformers: 

Eddy Current Losses in Transformers Tov nsend) . 310 

Measurement of Core Losses to Show Magnitude of Aging Effect 

{A, H, Ford) . 209 

Transmission Dynamometer, New(?F. E, Goldsborough) . 287 

Transmission Lines: 

Aluminium Wire {F, A, C. Perrine and F, G, Baum) .•_ 345 

St. Croix Plant {Henry Floy) . 648 

Units: 

. Action of Electrical Congress, Paris.544, 552 

Proposals of Institute .’ 184 

Report of Committee of Units and Standards on Names, Denotation 

and Rationalization . 309 

Wave Propagation over Non Uniform Cables and Long-Distance Air 

Lines {M, I, Pupin) .445 

Wire, Aluminium, for Transmission Lines {F, A, C, Perrine and 
F, G. Baum) . 345 
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